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1. INTRODUCTION

This report summarizes the results of work performed

under contract DCAl00-81-C-0024 with the Defense Communications

Agency. Consideration is now being given to possible CCITT

standards for Group 4 Facsimile which refers to the trans-

mission of an A4 sized page over data networks containing

error control. It is likely that the basic coding technique

for Group 4 transmissions will be some advanced form of the

Modified READ codewhich is the optional compression algorithm

for Group 3. The purpose of this study is to investigate

the more advanced mixed mode coding techniques for possible

consideration as an optional algorithm for Group 4. In a

mixed mode system the information printed on a page is

divided into two parts - symbols (letters, numerals,

punctuation, etc.) and graphics (logos, signatures, sketches,

etc.) The purpose of this study was to examine possible

techniques for segmenting a document into graphic and symbol

areas, and assemble a code that represents the entire document.

Parameters to be considered include compression, commonality

with facsimile and TELETEX transmissions, and complexity

of implementation.

Six segmentation technique were selected for analysis.

The techniques were designed to differ from each other as

*TELETEX refers to a CCITT recommendation which is now
under development for communication between word processors.
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much as possible, so as to display a wide variety of char-

acteristics. For each technique, many minor modifications

would be possible, but it is not expected that these modifi-

cations would alter the conclusions drawn from the study.

The segmentation techniques analyzed are:

- SYMBOL REMOVAL/SCAN LINE

- SYMBOL REMOVAL/FULL DOCUMENT

- SYMBOL REMOVAL/LINE OF SYMBOLS

- EXTENDED TELETEX

- PARTIAL LINE OF SYMBOLS

- FULL LINE OF SYMBOLS

Section 2 presents the methodology used for measuring

compression. Section 3 presents descriptions of the six

mixed-mode segmentation alternatives considered, together with

the calculations resulting in compression estimates. Section 4

discusses the commonality of each alternative with Group 3

facsimile, Group 4 facsimile, and with TELETEX. Section 5

discusses the complexity of implementation of each technique.

Section 6 compares the alternatives and draws conclusions,

while recommendations are made in Section 7.

1-2



2.0 METHODOLOGY FOR MEASURING COMPRESSION

For each of the six proposed mixed mode techniques, an

estimate of the compression has been made. Where applicable,

an additional estimate was made of the compression using a

Carriage Return/Line Feed (CR/LF) symbol to terminate a line

of symbols. Estimates of compression were made for CCITT

test Documents 1 and 5. Document 5 was slightly modified by

removing the vertical line in the center of the rage. If this

were not done, the technique FULL LINE OF SYMBCLS would not

be able to encode any symbols.

It should be emphasized that the compression values

calculated in this report are estimates only, and should

not be regarded as actual measured numbers. However, it is

expected that the relative compressions of the various

segmentation techniques are accurate, since the same assumptions

and estimates were used for all of them.

2.1 ASSUMPTIONS

In making compression estimates the following assumptions

were made:

(1) Each symbol is encoded using 8 bits, which allows

up to 256 different symbols.

(2) Several of the 256 symbol codes can be made available

for indicating the termination of symbol transmission,

or other requirements of the segmentation technique

employed.

(3) A stored library, suitable for the document being
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transmitted, is available at both sending and

receiving terminals.

(4) Bits required to identify the proper symbol

library to the receiving terminal are neglected.

(5) The stored library will accommodate either fixed

or proportionaly spaced fonts, including several

widths for word spaces.

(6) All characters of the principal font used in the

document are in fact recognized as such, and will

be encoded as symbols, subject to the rules of the

proposed technique.

(7) Lines of symbols can be accumulated despite slight

skews of the printed lines.

(8) The characters of the principal font include math

symbols, italics, and Greek letters, but not sub-

scripts or superscripts, or long horizontal or

vertical lines.

(9) Graphic data is transmitted using the modified

READ code, without EOL's.

(10) The number of bits required to transmit increased

width of white spaces by means of Modified READ can

be neglected. This is because the spacing between groups

of black pels (such as symbols) usually only has to

be specified once, and the READ code length does

not grow rapidly with the length of a white run.

(11) Each document consists of 2,376 rows with 1,728 pels

2-2



per row (7.7 pels per mm, or approximately 196 pels

per inch). See Appendix A.

(12) Code transmissions will not experience any

transmission errors, so addition of redundancy for

error control is not required.

2.2 PRELIMINARY CALCULATIONS

2.2.1 BITS PER SYMBCL USING MODIFIED READ CODE

It is assumed that there is an average number of

bits required to transmit a text symbol by means of the

Modified READ code. In order to obtain this average, CCITT

Document 4 (see figure 2-1) was used, which is almost 100%

text. Document 4 was found to have a total of 4,001 symbols.

Appendix A indicates that it took 585,074 bits to transmit

this document using the Modified READ code, with K = . In-

cluded in this total are 2,376 EOL's at 12 bits each or 28,512

bits, and about 454 blank scan lines (not including those

between adjacent lines of text), each of which takes one bit

to code, or 454 bits. Subtracting both of these from the

total, it took 556,108 bits to transmit the text, or 556,108
4001

=1138.992 bits per symbol.

2.2.2 GRAPHIC BITS PER DOCUMENT

2.2.2.1 DOCUMENT 1

Now consider Document 1, shown in Figure 2-2.

Appendix A indicates that it took 175,704 bits to transmit with

Modified READ (K =o), which less 28,512 bits for EOL's,

gives 147,192 bits for the information on the page. It is
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THE SLEREXE COMPANY L TED
SAPO IANE. OL. DORSET . 8n 2 8 Z

immaim3 SOa (945 13) 51617 12

Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Holroyd Road,
Reading,
lerks.

Dear Pets,

Permit me to introduce you to the facility of facsimile
transmission.

In facsimile a photocell is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate a carrier, which is transmitted to a
remote destination over a radio or cable commnications link.

At the remote terminal, demodulation reconstructs the video
signal, which is used to modulate the density of print produced by a
printing device. This device is scanning in a raster scan synchronised
with that at the transmitting terminal. As a result, a facsimile
copy of the subject document is produced.

Probably you have uses for this facility in your organisation.

Yours sincerely,

1 I P.J. CROSS
Group Leader- Facsimile Research

Figure 2-2 CCITT Document 1
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assumed that the Combined Symbol Matching (CSM) Technique

(Appendix B), which uses a transmitted library, encodes all

characters on the page, with the exception of the "SLEREXE"

line, whose characters are too large for the symbol block

size. By actual count, the number of symbols that would be

coded is 937, not including spaces. (In fact, Appendix B

shows that 988 symbols were recognized.) Using Modified READ,

this should take 937 x 138.922 = 130,236 bits. Therefore the

number of bits required to transmit the graphics on Document

1 is 147,192 - 130,236 = 16,956 bits. This compares with the

18,549 bits used to transmit Residue Code given by Appendix

B. An alternate calculation of the average bits per symbol

can be obtained by subtracting the 18,549 residue bits of

Appendix B from the 147,192 bits to transmit the whole

document, giving 128,643 bits to transmit the text symbols.

Dividing this by the 937 symbols gives an average of 137.29 bits

per symbol, which compares favorably with 138.992 obtained in

Section 2.2.1.

In a stored library approach, it is assumed that the

letterhead lines, except the "SAPORS LANE" line, would not

be encoded because the character sizes differ greatly from the

9! characters in the body of the text. This means that 107

symbols out of the 937 would not be encoded, which would take

107 x 138.992 = 14,872 bits to transmit by Modified READ.

Therefore the total residue that would not be symbol encoded

would be 16,956 + 14,872 = 31,828 bits for Document 1.
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Figure 2-1 CCITT Document 4
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THE SLEREXE COMPANY LIMITED
SAPORS LANE - BOOLE - DORSET. BH 25 8 ER

Tumoma moa (945 13) 51617 .Tam 123456

Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Hoiroyd Road,
Reading,
Berks.

Dear Pete,

Permit me to introduce you to the facility of facsimile
transmission.

In facsimile a photocell is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate a carrier, which is'transmitted to a
remote destination over a radio or cable communications link.

At the remote terminal, demodulation reconstructs the video
signal, which is used to modulate the density of print produced by a
printing device. This device is scanning in a raster scan synchronised
with that at the transmitting terminal. As a result, a facsimile
copy of the subject document is produced.

Probably you have uses for this facility in your organisation.

Yours sincerely,

P.J. CROSS

Group Leader - Facsimile Research

Figure 2-2 CCITT Document 1
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2.2.2.2 DOCUMENT 5

Now consider Document 5, as shown in Figure 2-3. Appendix

A gives 288,655 bits for Modified READ (K =), less 28,512

bits for EOL's,gives 260,143 bits for the information on the page.

An actual count of encoded symbols (including math symbols

and Greek letters but not subscripts or superscripts) is

1,599. This should take 1,599 x 138.992 - 222,249 bits, which

subtracted from 260,143 bits for the entire image, gives

37,894 bits for graphics. This compares with the 42,014

residue bits given by Appendix B for CSM. Subtracting the

CSM residue from 260,143 bits gives 218,129 bits for transmitting

the symbols by Modified READ, or an average of 218,1291,599

136.42 bits per symbol, which again compares favorably with

the 138.992 bits per symbol from section 2.2.1.

Therefore, the bits required to transmit the information

which cannot be symbol encoded is estimated to be 37,894 for

Document 5. To this must be added bits for symbols that

cannot be encoded using a particular technique.

2.2.3 SCAN LINES WITH SYMBOL DEECErICNS

The basis for most of the techniques is the detection of symbols

as the scan lines touch the top of the symbol. The number of scan lines

on which symbols are detected is obtained frum'Appendix B. This is given by

the bits for COLADD divided by 11. For Document 1, this is

2227, or about 8.4 scan lines per line of text. Since

3 lines of text that were encoded by CSM will not be encoded in

the proposed techniques, 25 scan lines are subtracted, giving

202 scan lines with symbol detections for Document 1. For
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Document 5, 4 8 445 scan lines will have symbol detections.

2.3 INCREASED RESOLUTION

Consideration is being given to having the option of

higher resolution for Group 4 Facsimile. Therefore it was

desired to calculate the expected compression that could

be obtained using 300 pels per inch and 400 pels per inch.

Data comparable to that used for estimating compression for

200 pels per inch was not available.

It was felt that the number of bits required to transmit

a document with Modified READ code is approximately linearly

proportional to the resolution in pels per inch, despite the

fact that the total number of pels in the document is propor-

tional to the square of the resolation. The increase in bits

is primarily due to the increased number of scan lines. The

increased width of the scan lines does not greatly increase

the number of bits required, and the finer spacing of the

scan lines tends to produce more efficient vertical coding,

since a scan line looks more like the previous scan line than

with lower resolution. To confirm this impression, Group 4

Modified READ data was obtained for 200, 300 and 400 pels per

inch for Document 1 and Document 5. The number of bits

required to transmit these documents is shown in Table 2-1.

This data is not comparable to that of Appendix A for 200

pels per inch because a different scan was used, which resulted

in fewer bits required. In addition, Table 2-1 shows the number

of bits required for each resolution divided by the number of
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DOCUMENT 1 DOCUMENT 5

Bits/Page Bits/Bits for Bits/Page Bits/Bits for
RESOLUTION RESOLUTION 200 ipi 200 ipi

ipi 200

200 1.0 132,034 1.000 229,204 1.000

300 1.5 225,499 1.708 350,538 1.529

400 2.0 272,312 2.062 468,005 2.042

Table 2-1

COMPRESSED BITS/PAGE FOR VARIOUS RESOLUTIONS

2

.1
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bits required for 200 pels per inch. From these ratios, it

can be seen that in most cases the assumption that bits increase

linearly with resolution is a good one.

Table 2-2 shows the basic constants used in making the

estimates of compression. The values for 200 lpi are obtained

from Sections 2.1 and 2.2. For the other resolutions, Pels

per Scan Line, Scan Lines, Bits per Symbol in READ Mode, and

Graphics Bits per Document are all increased in direct

proportion to the resolution. Scan Lines with Symbol Detections

also increases in proportion to resolution, but since it

cannot exceed the number of symbols on the document, there is

obviously a limit beyond which proportionality will not apply.

Therefore the values are decreased slightly below proportionality,

especially for 400 lpi. Bits required for Horizontal and

Vertical'Position is adjusted to account for the number of

pels per scan line and number of scan lines respectively.

The numbers from Table 2-2 are then used to calculate

compression for 300 and 400 lpi in the same way that the

compression for 200 lpi is calculated.

2.4 CALCULATING COMPRESSION

The number of bits required to construct the message is

totaled. This includes symbol codes, graphics, mode changes,

and horizontal and vertical positions. The compression is

calculated by dividing the total message bits into the total

number of image pels, which is always 2,376 x 1,728 = 4,105,728.

2-13
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A 3.0 MIXED MODE ALTERNATIVES

In this section each of the six mixed-mode segmentation

techniques are considered in turn. The techniques are:

SYMBOL REMOVAL/SCAN LINE

SYMBOL REMOVAL/FULL DOCUMENT

SYMBOL REMOVAL/LINE OF SYMBOLS

EXTENDED TELETEX

PARTIAL LINE OF SYMBOLS

FULL LINE OF SYMBOLS

For each technique, a description is given of the approach

and the compression for Documents 1 and 5 is estimated. The

description of the approach includes a sketch of the composition

of a portion of a mixed-mode transmission. In addition, images

of Documents land 5 are presented showing the areas transmitted

by symbols (shaded), the lines of symbols constructed (enclosed

by lines), and the area not transmitted because of the use of

an optional CR/LF symbol (crosshatched).

In the three symbol removal techniques, the black pels

associated with symbols recognized and coded are "removed"

(changed to white), and then the entire document is encoded

using the Modified READ code, including the areas where the

symbols were. In the other three techniques, the Modified

READ code is used only for areas that do not have encoded

characters.
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3.1 SYMBOL REMOVAL/SCAN LINE

This approach is similar to the Combined Symbol Matching

(CSM) Technique presented by Ccmpression Labs, Inc. in

APPENDIX B, but with a stored library instead of a transmitted

library.

3.1.1 DESCRIPTION

In this approach the document is scanned, from top to

bottom, and from left to right, until a group of black pels

is encountered that matches a symbol in the stored library.

When this occurs, all the black pels within the rectangular

symbol space are changed to white, and the symbol code and

position are recorded. After the symbols have been removed,

the document is rescanned in principle and encoded using the

Modified READ code (K =a, no EOL code). The detected symbol

codes are inserted before the READ code of the scan line in

which the top of the symbol occurs. The presence of a symbol

code, rather than READ code, is indicated by a single bit at the

beginning of every scan line. If the bit indicates that there

are symbols on the scan line, the 8-bit symbol code follows,

and this is followed by an 11-bit horizontal position code word.
L11

(2 1 1 = 2,048, which is greater than 1,728 pels in a line.) This

may be followed by any additional symbols on the scan line (in

order of horizontal position), and the symbol data is terminated

by a special 8-bit symbol code that indicates that there are no

more symbols on the scan line. Then the READ code for that scan

line (less encoded symbols) is transmitted. Figure 3-1 illustrates

3-2
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the composition of a mixed-mode message using this segmentation

approach.

Notice that in this technique the recognized symbols

will be encoded as they are first encountered by the scanning

process, regardless of where they appear relative to other

symbols or graphics. The vertical position of the symbols is

implied by the scan line on which the symbol code appears.

Figures 3-2 and 3-3 illustrate the areas of each document

that are encoded as symbols using the SYMBOL REMOVAL/SCAN LINE

technique.

3.1.2 COMPRESSION ESTIMATE

DOCUMENT 1

All of the typewritten symbols, plus the "SAPORS

LANE" line will be encoded, which is a total of 830 symbols.

(See Figure 3-2). This will take 8 x 830 = 6,640 bits. A

single bit at the beginning of each scan line indicates the

presence of symbols on the line, which will use 2,376 bits,

since there are 2,376 scan lines. It is assumed that the

horizontal position of the symbol will require 11 bits. (This

could possibly be reduced somewhat by more efficient coding.)

This will take 11 x 830 - 9,130 bits. For each of the 202

scan lines on which symbols are detected, a special 8-bit

symbol code will be used to indicate the end of symbols and the

start of graphics. This will take 8 x 202 = 1,616 bits. Finally

the graphics will take 31,828 bits, as discussed in Section 2.2.2.1.
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Summarizing:

Symbol codes 6,640

Symbol present 2,376

Horizontal position 9,130

End of symbols 1,616

Graphics 31,828
51,590 bits

2 376 x 1,728
Compression = = 79.651,590

DOCUMENT 5

All of the symbols except subscripts and super-

scripts will be encoded (see Figure 3-3), for a total of

1,599 symbols. This will take 8 x 1,599 = 12,792 bits. The

horizontal position will take 11 x 1,599 = 17,589 bits. The

end of symbols code will take 8 x 445 = 3,560 bits, and graphics

use 37,894 bits (see Section 2.2.2.2).

Summar iz ing:

Symbol Codes 12,792

Symbol present 2,376

Horizontal position 17,589

End of symbols 3,560

Graphics 37,894
74,211 bits

Compression 2,376 x 1,728com3 74,211 55.3
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Figure 3-1

MESSAGE COMPOSITICN

SYDoL PfOVAL/SCAN LINE

Scan SYMLine PRES

201 l O G

202 G

203 G
204 0G -7

206 0 G

207 1 S M;OS S HPOS S UOS G

208 0 G

210 0 G

211 ~1 S HPOS S IHPOS EOS G

212 0 G

SYM PRES 1 indicates at least one symbol on scan line - 1 bit
G graphics mode using Modified READ code - variable bits
S symbol code - 8 bits
HPOS horizontal position of symbol - 11 bits
EOS end of symols on scan line- 8 bits
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3.2 SYMBOL REMOVAL/FULL DOCUAMENT

This approach is similar to SYMBOL REMOVAL/SCAN LINE,

except that the symbols and graphics are not interleaved

in the transmitted message.

3.2.1 DESCRIPTION

In this approach the symbols are detected, removed, and

their codes and positions recorded, as in SYMBOL REMOVAL/SCAN

LINE. But in this technique, all the symbol information is

transmitted before any graphics. The vertical position of

the symbols is transmitted using an 12-bit code. (212 = 4,096,

which is greater than 2,376 scan lines). Then the 8-bit

symbol code and 11-bit horizontal position code follows for

the first symbol at that vertical position. If more symbols

have the same vertical position, their symbol codes and

horizontal positions follow. Following all the symbols on

the scan line, a special 8-bit symbol is transmitted to terminate

the scan line. The symbols on the following scan lines follow

in succession. The symbol mode is terminated by a single

12-bit code, possibly a vertical position greater than 2,376.

Then the entire document, with the symbols removed, is trans-

mitted by Modified READ code. Figure 3-4 illustrates the

composition of a mixed-mode message using the SYMBOL REMOVAL/

FULL DOCUMENT segmentation approach.

Again in this technique the recognized symbols will be

encoded regardless of their position. The vertical position
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of each symbol is explicitly stated, but the mode change

between symbols and graphics must be done only once in the

entire document.

The areas encoded as symbols by SYMBOL REMOVAL/FULL

DOCUMENT are shown in Figures 3-5 and 3-6.

3.2.2 COMPRESSION ESTIMATE

DOCUMENT 1

Again, 830 symbols will be encoded, taking 8 x 830 =

6,640 bits. For each of the 202 scan lines on which a symbol

appears, the vertical position must be given. For a binary code,

this will take 12 bits, or 12 x 202 = 2,424 bits. In addition,

the last symbol on the scan line will be indicated by a special

8-bit code, taking 8 x 202 = 1,616 bits. For each symbol, the

horizontal position is given in an 11-bit binary code, for a

total of 11 x 830 = 9,130 bits. The mode change from symbols to

graphics occurs only once in the entire image, and takes only 8

bits. Finally, the graphics will take 31,828 bits. Summarizing:

Symbol codes 6,640

Vertical position 2,424

Horizontal position 9,130

Last symbol on scan 1,616
line

Symbols to graphics 8

Graphics 31,828

51,646 bits

Compression 2,376 x 1,728Compression 51,646 7.
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DOCUMENT 5

All of the symbols except subscripts and superscripts

will be encoded, for a total of 1,599 or 8 x 1,599 = 12,792 bits.

For each of the 445 scan lines on which a symbol appears, a

12-bit vertical position will be given, using 12 x 445 = 5,340

bits. The code for the last symbol on the scan line will take

8 x 445 = 3,560 bits. The horizontal position for each symbol

will take 11 x 1,599 = 17,589 bits. The graphics again take

37,894 bits. Summarizing:

Symbol codes 12,792

Vertical position 5,340

Horizontal position 17,589

Last symbol on scan line 3,560

Symbols to graphics 8

Graphics 37,894

77,183 bits

Compression - 2,376 x 1,728 53.277,183
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Figure 3-4

MESSAGE COMDOSITION

SYMB4OL NIVAL/TL DOC E

Scan

Lirle
205 VPOS S Fans W

207 VPOS S HPOS S HPOS S 0, EO

211 VPOS S HPOS S UO O

S/G I

201 G

202 G

203 G

204 G

205 G
206 G i

207 •, G !

208 .,. G

209 G

210 G

211 G

212 G

G graphics mode using Modified READ code - variable bits
S symbol code - 8 bits
VPOS vertical position of symbols - 12 bits
HPOS horizntal position of symbol - Ui bits
EOS end of symbols an scan line - 8 bits
S/G indicates change from symbols to graphics - 12 bits
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3.3 SYMBOL REMOVAL/LINE OF SYMBOLS

3.3.1 DESCRIPTION

In this technique the symbols are detected, removed, and

their codes and positions recorded as in the other symbol

removal approaches. The symbols are then organized into lines

of symbols, based on the symbol position, height, hang down

position, etc. Account is taken of small amounts of line skew,

and a single vertical position is assigned to the entire line of

symbols. When this process is complete, each printed line on the

document should be contained within a line of symbols. Spaces between

symbols are filled by appropriate blank characters, having

several different widths, up to about 2 normal symbol spaces.

If the space between symbols is greater than 2 symbol spaces, the

line of symbols is broken into segments.

The entire document, less recognized symbols, is transmitted

using Modified READ code. When a scan line having the

vertical position of a line of recognized symbols is encountered,

a special 12-bit code (which could be an EOL code) is inserted.

This changes the mode from graphics to symbols. This is followed

by an 11-bit code giving the horizontal position of the first

symbol. Then the symbol codes for each symbol in the segment

are sent, followed by a special 8-bit end-of-segment symbol code.

This is followed by an 11-bit distance to the next segment of symbols.

The last segment of symbols on the line is followed by a special

8-bit end-of-line symbol code instead of the end-of-segment code.

This changes the mode back to graphics, and the Modified READ

code is continued, until another scan line with a line of symbols
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is encountered. Figure 3-7 illustrates the composition of

a mixed-mode message using the SYMBOL REMOVAL/LINE OF SYMBOLS

segmentation technique.

As with the other symbol removal techniques, a recognized

symbol will be encoded wherever it is located, since lines of

symbols may overlap vertically, and each line of symbols may

have as few as one symbol. There may be some problem in

accurately positioning symbols, since spaces between symbols of

1 or 2 pels will probably not be encoded, and the horizontal

position of a symbol could be in error at the end of a long line

of symbols.

The symbols encoded by the SYMBOL REMOVAL/LINE OF SYMBOLS

technique are shaded in Figures 3-8 and 3-9, and the lines of

symbols are enclosed by lines.

3.3.2 COMPRESSION ESTIMATE

DOCUMENT 1

There are 966 symbols to be encoded (includes spaces

between words), taking 8 x 966 = 7,728 bits. There are 24 lines

of symbols with 25 segments. Each line has a 12-bit code to

indicate that there are symbol segments on the line, or 12 x 24 -

288 bits. The horizontal position of the first symbol is given

by an 11-bit binary code, or 11 x 24 = 264 bits. The distance

between segments is also given by a 11-bit binary code. There

is only one of these for 11 bits total. There are two special

8-bit codes for end of segment and end of line. There is one

end of segment code for 8 bits, and 24 x 8 = 192 bits for end

of line codes. Summarizing:
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Symbol codes 7,728

Symbols on line 288

Horizontal position 264

Distance between segments 11

End of segment 8

End of line 192

Graphics 31,828

40,319 bits

Compression = 2,376 x 1,728 = 101.840,319

DOCUMENT 5

There are 1,887 symbols to be encoded (including

spaces between words), taking 8 x 1,887 = 15,096 bits. It is

assumed that subscripts break a line into segments, since they

are not recognized and cannot be removed. Single character lines

can be encoded. There are 46 lines with 90 segments. The lines

with symbols are indicated by 12 x 46 = 552 bits. The horizontal

position of the first symbol is indicated by 11 x 46 = 506 bits.

The distance between segments is given by 11 x (90-46) = 484

bits. There are 8 x (90-46) = 352 bits for end of segment and

8 x 46 = 368 bits for end of line. Graphics again takes 37,894

bits as given in Section 2.2.2.2. Summarizing:

Symbol codes 15,096

Symbols on line 552

Horizontal position 506

Distance between segments 484

End of segment 352
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End of line 368

Graphics 37,894

55,252 bits

Compression 552,256,2
8  74.3
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Figuze 3-7

MESSAGE COMPOSITION

SYMBOL REVMVAL/LINE OF SYMBOLS

Scan Symbol
Line Line

201 G 4

202 G

203 - G

204G

205G

207 G

208 G

209 G

210 G

211 2 G/S IMO s s L S D0IS s s- EOL G

212 G

G graphics mode using Modified READ code - variable bits
- S symbol code - 8 bits

G/S indicates change from graphics to symbols - 12 bits
HPOS horizontal position of first symbol in line - U1 bits
OL end of symbols on line - 8 bits
BOS end of symbols on segment - 8 bits
DIST distance between segments - 11 bits
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3.4 EXTENDED TELETEX

This approach was suggested by MBLE, (Appendix C) , using

the basic TELETEX method to transmit the entire document, except

where there are graphic areas that must be transmitted by

facsimile.

3.4.1 DESCRIPTION

In this approach the entire document is divided into

character spaces, except for areas that are defined as graphics,

as discussed below. All character spaces, including blanks,

are transmitted using 8-bit symbol codes.

The graphics are transmitted by Modified READ code as

they occur within a line of symbols. First, a special 8-bit symbol

code is used to designate the transition from symbol codes to

graphics. This is followed by an 11-bit code giving the width

of the graphics area. (The height of the graphics area is

defined by the height of the symbol font.) Then the READ code

for the graphics is sent. The length of the READ code is

defined by the width and height of the graphics area, so the

transition back to symbol codes does not require a code.

As an option, instead of transmitting a series of blank

symbol codes at the right end of the line, a special 8-bit code

could be used to designate the last symbol on the line. This

would also have to be to the right of any graphics on the line.

This symbol would direct the receiver to start on the next line

of symbols, and would replace the CR and LF codes of TELETEX.

For reasons of commonality it may be preferred to keep the two
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standard TELETEX symbols for this purpose. Figure 3-10

illustrates the composition of a message using the EXTENDED

TELETEX segmentation technique.

This technique is considered primarily as a method to

incorporate graphics (such as logos and signatures), into

computer-generated text. Therefore graphics areas are defined,

probably by the user, as rectangular areas which may contain a

mixture of graphics and symbols. As a result, it may be

difficult for a scanner to block out a difficult document such as

Document 5.

Since all lines of symbols must have the proper spacing,

symbols that are not aligned with the majority of the symbols

must be treated as graphics.

If lines of symbols exceed their normal vertical spacing,

as in Document 5, a graphics filler can be inserted with any

number of scan lines to keep the symbol grid aligned with the

symbols on the document. This could be initiated with a special

symbol code.

The symbols encoded by the EXTENDED TELETEX technique are

shaded in Figures 3-11 and 3-12, with the cross-hatched area

indicating space symbols that would not be transmitted if the

CR/LF symbol is used.

3.4.2 COMPRESSION ESTIMATE

DOCUMENT 1

Character space is h" 1 wide, or 32.6

pels high by 16.3 pels wide. The number of symbol lines is
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73 and number of symbols per line is 1,728 . 106. Total
16.3

symbol spaces on the entire document is 73 x 106 - 7,738. From

this must be subtracted the symbol spaces in graphics areas

shown in Figure 3-11, 251, or 7,487 character spaces. With 8

bits per symbol, 8 x 7,487 = 59,896 bits are required. Only

12 symbol lines have graphics. Each of these lines will need

an 8-bit symbol-to-graphics code, 8 x 12 = 96 bits, and an

11-bit graphics width code (11 x 12 = 132). Bits to transmit

graphics area will be the same as before, 31,828. Summarizing:

Symbol codes 59,896

Symbol to graphics 96

Graphics width 132

Graphics 31,828

91,952 bits

Compression - 2,376 x- 44.7" 91,952 -4.

With a CR/LF code, many space characters can be saved. In

the lines with symbols, 962 symbols are saved, in 37 blank

lines 3,922 symbols, and in graphics lines 533 symbols, for a

total of 5,417 symbols, or 8 x 5,417 = 43,336 bits. Subtracting

this from the symbol codes leaves a net of 59,896 - 43,336 =

16,560 bits. To this must be added an 8-bit CR/LF code for

each of 73 lines, or 8 x 73 - 584 bits. Summarizing:

Symbol codes 16,560

Symbols to graphics 96

Graphics width 132

CR/LF 584

Graphics 31,828

49,200 bits
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Compression - 49,2 00728 - 83.4 with CR/LF

DOCUMENT 5

The character space is about 0.148" high by 0.059"

wide, or 29 pels high by 11.5 pels wide. The number of symbol

lines is 2,376 = 82 and the number of symbols per line is29
-11.5 = 150. The total number of symbol spaces on the

document is 82 x 150 - 12,300, less symbol spaces in the

graphics area, 3,207, or 9,093. Using 8 bits per symbol,

the symbol codes take 8 x 9,093 = 72,744 bits. In 96 cases

a shift from symbols to graphics is required. The symbols

to graphics code will take 8 x 96 = 768 bits, and the graphics

width code will take 11 x 96 = 1,056 bits. To transmit the

graphics area there will be 37,894 bits, plus 138.992 bits

for each of the 30 symbols not encoded because they are in

a graphics area, or 4,170 bits, for a total of 42,064 bits.

Summarizing:

Symbol codes 72,744

Symbol to graphics 768

Graphics width 1,056

Graphics 42,064I.

116,632 bits

Compression - 2,376 x 1,728 35.2
116,632

Using the CR/LF, about 2,828 blank characters on the

right hand margin could be eliminated. This would reduce

the symbol codes by 8 x 2,828 - 22,624 bits to 50,120 bits.

There would have to be a CR/LF code for each line, or 8 x 82 a

656 bits. Summarizing:
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Symbol codes 50,120

Symbcl to graphics 768

Graphics width 1,056

CR/LF 656

Graphics 42,064

94,664 bits

Compression =23~1 28 43.4 with CR/LF
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Figure 3-10

MESSAGE Ca4IOSITION

EXTED TELEIEX

Symol
Line

6 S S S S S S S S S CR/LF

7 S S S S/G Width G CRLF

8 S S S S S S JR/LFJ

9 S/G Width G S IS IS

10 S !S S S S S IS S JVF

11 IS S S S S S IS CR/LF

- -

12 S/G Width G S IS/G Widthj G

13 S S S S Sr/ IF

G graphics mode using Modified READ code - variable bits
S symbol code - 8 bits
CR/LF carriage return/line feed - 8 bits
S/G indicates change fram symbols to graphics - 8 bits
Width width of graphics - 1 bits
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EXTENDED TELETEX Document 1
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3.5 PARTIAL LINE OF SYMBOLS

3.5.1 DESCRIPTION

In this approach, the document is searched for

recognizable symbols, which are then organized into liires, as

in SYMBOL REMOVAL/LINE OF SYMBOLS. The symbol codes and

horizontal positions are stored, together with the vertical

position of the line. Then the document is transmitted,

basically using Modified READ code. When a line of symbols

is encountered, a 12-bit (EOL) code is used to designate the

line as containing symbols. The entire line of symbols in-

cluding blanks, is transmitted using symbol codes, unless

there is any graphic material contained within the boundaries

of the line. The end of the line is indicated when the total

of the widths of the symbols equals 1,728.

If graphics are contained somewhere within the line, a

special 8-bit code is used to indicate a change to READ code.

This is followed by an 11-bit code giving the width of the

graphics material. (The width could be to the end of line if

there are no more symbols on the line; changes between graphic

and symbol mode are mede only when necessary.) This is

followed by Modified READ code defining the graphics area

within the boundaries of the line. The length of READ code is

defined by the height of the line (constant for the font) and the

width of the graphic area. This is then followed by more

symbols, unless the end of the line has been reached.

As an option, trailing blanks in the line can be re-
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placed by a single 8-bit code indicating the last symbol on

the line. This code tells the receiver that the line is

complete, and the next line, or scan line, will be sent

next. Figure 3-13 illustrates the composition of a message

using the PARTIAL LINE OF SYMBOLS segmentation technique.

Lines of symbols cannot overlap vertically in this

technique, so symbols out of vertical alignment must be

treated as graphics.

The symbols encoded by the PARTIAL LINE OF SYMBOLS

technique are shaded in Figures 3-14 and 3-15 with the

cross-hatched area indicating blank symbols that would not

be transmitted if the CR/LF symbol is used.

3.5.2 COMPRESSION ESTIMATE

DOCUMENT 1

There are 24 lines of symbols and each line has 106

symbol spaces, so the number of symbols is 24 x 106 = 2,544

which will take 2,544 x 8 = 20,352 bits. Each symbol line

has a 12-bit indicator, which is 24 x 12 = 288 bits. No lines

of symbols have interleaved graphics, so there are no symbol

to graphics bits. Summarizing:

Symbol codes 20,352

Symbol indicator 288

Last symbol 0

Graphic distance 0

Graphics 31,828

52,468 bits
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Compression = 2,376 x 1,728 78.3

52,468

If a CR/LF symbol is used, 928 blank symbols are saved, so

the total number of symbols is 2,496 - 928 = 1,568, which take

8 x 1,568 = 12,544 bits. To this must be added 24 CR/LF

symbols, for 8 x 24 = 192 bits. Summarizing:

Symbol codes 12,544

Symbol indicator 288

Last symbol 0

Graphic distance 0

CR/LF 192

Graphics 31,828

44,852 bits

Compression = 2,376 x 1,728 = 91.5 with CR/LF44,852

DOCUMENT 5

There are 36 lines that can be formed into lines of

symbols, and they contain 3,157 symbols, including spaces.

This takes 8 x 3,157 = 25,256 bits. There are 36 symbol

indicator codes @ 12 bits, or 36 x 12 = 432 bits. -There are

14 lines that begin with graphics, and each requires a last

symbol code. In addition, there are 39 symbol segments

that terminate with graphics, rather than the end of the line.

Each of these requires a last symbol code, for a total of 53

codes, taking 8 x 53 = 424 bits. Within the lines of symbols

there are 53 segments of graphics, each requiring an 11-bit

width code, for a toLal of 11 x 53 = 583 bits. In this case

there are 21 symbols not encoded because they do not lie on

the lines of symbols. They will take 138.992 x 21 = 2,919
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bits. Added to the 37,894 bits for graphics gives a total

of 40,813 bits for graphics.

Symbol codes 25,256

Symbol indicator 432

Last symbol 424

Graphic distance 583

Graphics 40,813

67,508 bits

Compression = 2,376 x 728 60.867,508

Using a CR/LF code, 469 blank symbols at the end of 27

lines can be saved. This will reduce the symbol codes by

8 x 469 = 3,752 bits, to 21,504 bits. To this must be added

27 CR/LF codes, using 8 x 27 = 216 bits. Summarizing:

Symbol codes 21,504

Symbol indicator 432

Last symbol 424

Graphic distance 583

CR/LF 216

Graphics 40,813

63,972 bits
Comprssion 2,376 x 1,728

Compression 6,72 = 64.2 with CR/LF
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Figure 3-13

MESSAGE COMPOSITION

PARTIAL LINE OF SYMBOLS

Scan Symbcl

Line Line

201 G

202 G

203 G

204 1 G/S S S S/G Width G S

237 G

238 G

239 G

240 G

241 1G
242 G

243 2 G/S S S S S S _S S

276 G

LEGE4D

G graphics mode using modified READ code - variable bits
S symbol code - 8 bits
G/S indicates change from graphics to symbols - 12 bits
S/G indicates change from symbols to graphics - 8 bits
CR/LF carriage return/Line feed - 8 bits
Width width of graphics - 11 bits
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3.6 FULL LINE OF SYMBOLS

3.6.1 DESCRIPTION

In this approach, the document is searched for

recognizable symbols, which are then organized into lines,

as in SYMBOL REMOVAL/LINE OF SYMBOLS. The symbol codes and

horizontal positions are stored, together with the vertical

position of the line. Then the document is transmitted,

basically using the Modified READ code. When a line of

symbols only is encountered, a 12-bit (EOL) code is used to

designate the line as a symbol line. The entire line, including

blanks, is transmitted using symbol codes. If any graphics

are contained within the boundaries of the line, the entire

line is transmitted using the Modified READ code.

Successive lines of symbols are transmitted without a

requirement for a mode change, until graphics are detected.

At that point, a special 8-bit code is used to signify a return

to the graphics mode.

As an option, trailing blanks in the line can be replaced

by a single 8-bit code indicating the last symbol on the line.

This code tells the receiver that the line is complete, and the

next line, or scan line, will be sent next. Figure 3-16

illustrates the composition of a message using the FULL LINE

OF SYMBOLS segmentation technique.

Lines of symbols cannot overlap vertically in this

technique, so symbols out of vertical alignment must be treated

as graphics.
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The symbols encoded are shaded in Figures 3-17 and 3-18

with the cross-hatched area indicating blank symbols that

would not be transmitted if the CR/LF symbol is used.

3.6.2 COMPRESSION ESTIMATE

DOCUMENT 1

There are 24 lines of symbols, each with 106

symbol spaces, so the number of symbols is 24 x 106 - 2,544,

which will take 8 x 2,544 = 20,352 bits. There are 10

groupings of full lines (blank lines are sent by graphics),

each requiring a 12-bit graphics-to-symbols indicator, or

12 x 10 = 120 bits. At the end of each grouping of lines there

is a 8-bit symbols-to-graphics code, of 8 x 10 = 80 bits. The

graphics are 31,828 bits. Summarizing:

Symbol codes 20,352

Graphics to symbols 120

Symbols to graphics 80

Graphics 31,828

52,380 bits

Compression - 2,376 x 1,728 , 78.452,380

Using the CR/LF character, 928 blank symbols can be saved,

reducing the symbol bits by 8 x 928 = 7,424 bits to 12,928

bits, with the addition of 8 x 24 = 192 bits for CR/LF codes.

Summarizing:
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Symbol codes 12,928

Graphics to symbols 120

Symbols to graphics 80

CR/LF 192

Graphics 31,828

45,148 bits

Compression 2,376 x 1,728 = 90.9 with CR/LF45,148

DOCUMENT 5

Only 6 lines, having 431 symbols, do not have

graphics (including subscripts) associated with them, and

can be coded as a full line of symbols. Even these lines

could not be coded as symbols with the document in its un-

modified state, because of the vertical line down the center

of the page. There are 6 x 150 - 900 symbol spaces to be

encoded, which will take 8 x 900 - 7,200 bits. The full

lines appear in 4 groupings. Each change from graphics to

symbcls requires a 12-bit code, or 4 x 12 - 48 bits. Each

change back to graphics requires an 8-bit code, or 8 x 4 = 32

bits. There are 1,599-431-21- 1,147 additional symbols that

are not coded as symbols, and these will take 138.992 bits

each, or 1,147 x 138.992 = 159,424 bits as graphics. In

addition, the normal graphics takes 40,813 bits, (same as

PARTIAL LINE OF SYMBOLS) for a total of 200,237 bits.

Summar izing:
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Symbol codes 7,200

Graphics to symbols 48

Symbols to graphics 32

Graphics 200,237

207,517 bits

Compression 2,376 x 1,728 = 19.8Compessin = 207,517

Using the CR/LF code, 144 blank spaces will be saved on

the 6 full lines. This reduces the number of symbol spaces

to 900 - 144 = 756, which takes 8 x 756 = 6,048 bits. In

addition, 6 CR/LF codes are needed, with 8 x 6 = 48 bits.

Summarizing:

Symbol codes 6,048

Graphics to symbols 48

Symbols to graphics 32

CR/LF 48

Graphics 200,237

206,413 bits

Compression 2,376 x 1,728 = 19.9 with CR/LFi206,413

3-39



Figure 3-16

FULL LT. OF SYMIBOLS

Scan Symbol

Line Line

201G

202G

203G

270G

271G

272 G

273 G

274G

308G

G graphics mode using Modified READ code -variable bits
S symbol code - 8 bits
G/S indicates change from graphics to symbols - 12 bits
S/G indicates change from symbols to graphics -8 bits
CR/WF carriage return/line feed - 8 bits
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4. COMMONALITY

In this section, the commonality of a Mixed Mode

machine with related machines is discussed. The related

machines to be considered are:

(1) TELETEX machines

(2) Group 4 FACSIMILE Machines, without mixed

mode capabilities

(3) Group 3 FACSIMILE machines

By commonality is meant the ability of a Mixed Mode machine

to transmit messages to, or receive messages from, these other

machines with a minimum of modification from its normal

operation. Changes to the other machines considered are not

permitted, since they will already be in the field.

A basic commonality has been designed into all the Mixed

Mode techniques by the use of TELETEX code and the Modified

READ II code proposed for Group 4 FACSIMILE machines. The

Group 4 code differs from Group 3 code in that Group 4:

(1) uses K =% instead of K = 4 for 7.7 lines/mm.

(2) deletes the EOL code for each line

(3) has no provision for stuffing bits to achieve

a minimum line time.

(4) May allow wrap-around of run length codes over

more than one scan line.

4.1 COMMONALITY WITH GROUP 3 FACSIMILE

Commonality with Group 3 machines for the various

techniques will be directly related to the commonality with
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Group 4 machines. It is assumed that converting messages

between Group 3 and Group 4 machines will become common.

Therefore there will be no further discussion of commonality

with Group 3 machines, and anything said about commonality

with Group 4 machines will also apply to Group 3 machines,

plus the differences between Group 3 and Group 4 indicated

above.

4.2 COMMOLIALITY WITH GROUP 4 FACSIMILE

Three of the techniques require almost no changes

to be compatible with Group 4 transmissions. They are SYMBOL

REMOVAL/LINE OF SYMBOLS, PARTIAL LINE OF SYMBOLS, and FULL

LINE OF SYMBOLS. In each of these techniques, Group 4 trans-

missions can be received without any modifications whatsoever,

and Group 4 transmissions can be produced by simply inhibiting

all symbol recognitions. However, it may be necessary to

inhibit information about the stored library to be used, which

is true for all techniques.

In addition to the above, for SYMBOL REMOVAL/SCAN LINE

and SYMBOL REMOVAL/FULL DOCUMENT, code bits that change mode

must be deleted on transmission, and inserted on reception.

For SYMBOL REMOVAL/SCAN LINE this is the single bit that pre-

cedes each scan line to indicate whether or not there are

symbols on the scan line. For SYMBOL REMOVAL/FULL DOCUMENT,

it is the single 8-bit code that indicates the change from

symbols to graphics.
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For EXTENDED TELETEX, a Group 4 transmission can be obtained

by inhibiting all symbol recognitions, including blanks, which

will force the entire line to be transmitted by graphics. In

addition, the codes for the last symbol on the line and the

graphics width would have to be deleted. For reception, the

last symbol code and a graphics width code of 1,728 would have

to be added before each scan line to convert the Group 4 trans-

mission to what the Mixed Mode receiver expects.

4.3 COMMONALITY WITH TELETEX

The EXTENDED TELETEX technique requires almost no

changes to be compatible with TELETEX transmissions. No

change whatsoever is required to receive TELETEX transmission,

except for adding the code that identifies the stored library

to use. In transmission, the graphics mode must be inhibited,

with space symbol codes being transmitted whenever material

that cannot be recognized as symbols is encountered. Also

the Carriage Return (CR) and Line Feed (LF) codes must be

inserted for each line.

For all the techniques except EXTENDED TELETEX, in trans-

mitting, the graphics mode must be inhibited, and a blank

symbol used to replace each 20 pels of all-white or graphics

pels. CR and LF symbols must be inserted at the end of each

line (Approximately 33 scan lines). Corresponding changes must

be made for reception, namely adding coding for approximately

33 all-white scan lines for each LF, and deleting the CR and

LF codes.
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In addition, for SYMBOL REMOVAL/LINE OF SYMBOLS, PARTIAL

LINE OF SYMBOLS and FULL LINE OF SYMBOLS, the 12-bit (EOL) code

that indicates a change from graphics to symbol mode must be

deleted on transmission, and added on reception. For SYMBOL

REMOVAL/FULL DOCUMENT the single 8-bit code that indicates the

change from symbols to graphics must be deleted on transmission

and added on reception.

[.1

I
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5.0 COMPLEXITY OF IMPLEMENTATION

For the most part, there is not much to choose between

the various techniques in terms of level of complexity of

implementation. In all techniques, the most difficult

problem is to recognize a group of black pels as a symbol,

and to decide which of the symbols in the library it

represents. Additional complexity is encountered by some of

the techniques because of the amount of the image that must

be stored, and due to the fact that in some techniques the

recognized symbols must be organized into lines of symbols.

5.1 IMAGE STORAGE

In all of the techniques except SYMBOL REMOVAL/FULL

DOCUMENT, the portion of the document that must be stored

at any one time is an areaequivalent to the height of the

symbols by the full width of the document. Typically the

height of an upper case character is 20 pels, but with large

fonts and considering hang down characters, this could be

as much as 32 pels. Since the width of the document is 1,728

pels, the total storage required is 32 x 1,728 = 55,296 bits.

This much storage permits the recognition of symbols, removing

them, and organizing them into lines.

For SYMBOL REMOVAL/FULL DOCUMENT, the symbols for the

entire document are transmitted, and then the graphics by

READ code. The entire document must first be scanned for

symbols before any graphics are transmitted. Therefore either

the entire document with symbols removed, or the READ code
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for it, must be stored. The storage for the pels would

require of course 2,376 x 1,728 = 4,105,728 bits. For

Document 1, the READ code is only 31,828 bits, and for

Document 5 it is only 37,894 bits (see section 2.2.2).

While even more complex documents may be encountered, it

seems that a storage of much less than the total number of

pels in the document could be used. Another approach is

to scan the document twice, once for symbol recognition

and once to code the graphics portion. In any event, the

amount of storage required for SYMBOL REMOVAL/FULL DOCUMENT

appears to be at least several times that required for the

other techniques, and possible up to 75 times as much.

5.2 ORGANIZATION INTO LINES

For the SYMBOL REMOVAL/SCAN LINE and SYMBOL REMOVAL/

FULL DOCUMENT techniques, each symbol that is recognized is

incorporated into the transmission as the recognition occurs.

For the remaining techniques, additional calculations are

required to organize the symbols into lines of symbols that

correspond to lines of print on the document. To do this,

J each symbol in the library must have stored with it the

position of a baseline, which could be arbitrary, relative

to the scan line on which the symbol is detected. The vertical

position of each symbol must be adjusted according to this

factor in order to bring all the symbols on a printed line

into vertical alignment. In addition, small amounts of line

skew must be accounted for by using the horizontal position
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of each symbol. This can be done by calculating the linear

regression of the horizontal and vertical symbol positions,

to obtain the line skew. This skew is then used to correct

the vertical position of each symbol.

In addition, for the EXTENDED TELETEX, PARTIAL LINE OF

SYMBOLS, and FULL LINE OF SYMBOLS techniques, it is presumed

that lines of symbols do not overlap, and so algorithms are

required to decide which line of a set of overlapping lines

is to be used for encoding symbols. The simple equations of

Document 5 illustrate the problems that may be encountered in

this area.

L
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6.0' COMPARISON OF ALTERNATIVE TECHNIQUES

The compression estimates calculated in Section 3 for

200 ipi for all the segmentation techniques that were evaluated

are summarized in Table 6-1. For comparison, the compression

for normal Group 4 Modified READ (k -0, no EOL) is included.

Similar compression estimates were also made for 300 ipi and

400 ipi, using the methods discussed in Section 2.3. The

results of those calculations are shown in Tables 6-2 and 6-3.

Of the six alternative segmentation techniques evaluated

for mixed-mode operation, none appears to have a clear-cut

advantage over the other techniques. However, the SYMBOL

REMOVAL/LINE OF SYMBOLS technique does appear to offer some

advantages over the other techniques. First, the estimated

compression is significantly (at least 10%) better than any

other technique, even assuming a special CR/LF symbol for the

techniques that could use it. The compression is better

for both the simple and complex documents. Second, common-

ality with Group 3 and 4 Facsimile is as good as any, and is

significantly better than some, especially EXTENDED TELETEX.

Its commonality with TELETEX is as good as any technique

except EXTENDED TELETEX. Third, in complexity it is as

good as any as far as image storage is concerned, and is better

than SYMBOL REMOVAL/FULL DOCUMENT. Fourth, as far as the

requirement for organizing symbols into lines, it is inferior
only to SYMBOL REMOVAL/SCAN LINE and SYMBOL REMOVAL/FULL

DOCUMENT. In summary, SYMBOL REMOVAL/LINE OF SYMBOLS is

superior in compression and commonality with Group 3 and 4

Facsimile, two very important factors, and is nearly as good
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Technique Document 1 Document 5
W/O CR/Li W CR/LF W/O CR/LF W a4R

SYMBOL REMOVAL/SCAN LINE 79.6 - 55.3 -

SYMBOL REMOVAL/FULL DOCUMENT 79.5 - 53.2 -

SYMBOL REMOVAL/LINE OF SYMBOLS 101.8 - 74.3 -

EXTENDED TELETEX 44.7 83.4 35.2 43.4

PARTIAL LINE OF SYMBOLS 78.3 91.5 60.8 64.2

FULL LINE OF SYMBOLS 78.4 90.9 19.8 19.9

MODIFIED READ (k =, no EOL) 27.9 - 15.8 -

TABLE 6-1

SUMMARY OF COMPRESSION ESTIMATES FOR 200 ipi
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Technique DOCUMM 1 WDOC34E!T 5 WITH
W/o CPVF 4a W/ot A CR/LF

SYOL RDVVAL/SCAN INE 131.4 - 94.5 -

SYMBOL ThVA/EML DOCUMET 131.2 - 94.9 -

SYMBOL IDVAL/LINE OF SYOLS 164.2 - 124.4 -

EXTEDED TE= 85.6 141.8 67.1 80.5

PARIAL LINE OF SYMBOLS 135.1 152.0 105.0 109.4

FEIL LIN OF SYMBOLS 135.3 151.3 30.0 30.1

MODIrIED R (k -(, no BOL) 41.8 - 23.7 -

TABLE 6-2

= OF CORE5SSIN. ESTI kM EM 300 ipi

DOOIERNT 1 DaJMWT 5
Todmique

W/O a/LF CR/LF W/O CR/LF CR/LF

SYMBOL RDV-vAL/SCAN LINE 207.3 - 137.4 -

SYMBOL FOOVAL/PULL DOCUNW 185.2 - 130.1 -

SYMBOL R4DMOVAL/LINE OF SY LS 227.6 - 176.1 -

D ELEM 132.7 202.7 103.4 120.6

PAMAL LINE OF SYMBOLS 194.8 214.2 151.5 156.7

FULL LIN OF SYMBOLS 195.0 213.4 40.9 41.0

MODIF READ (k -oQ no EOL) 55.8 - 31.6 -

TABLE 6-3

SMUM OF COMPRESSICN EST = FOR 400 ipi
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as any segmentation technique as far as the other factors

are concerned.

PARTIAL LINE OF SYMBOLS appears to be the second choice.

It offers better overall compression than any technique except

SYMBOL REMOVAL/LINE OF SYMBOLS. FULL LINE OF SYMBOLS has

equal compression for the simple document (DOCUMENT 1) but it

is poor for the complex document (DOCUMENT 5). Also PARTIAL

LINE OF SYMBOLS is as good as SYMBOL REMOVAL/LINE OF SYMBOLS

as far as commonality with Group 3 and 4 facsimile and image

storage complexity is concerned. In organizing lines of

symbols, additional logic is required to prevent lines from

overlapping vertically, which is not required fur SYMBOL

REMOVAL/LINE OF SYMBOLS.

SYMBOL REMOVAL/SCAN LINE, SYMBOL REMOVAL/FULL DOCUMENT,

and EXTENDED TELETEX (with CR/LF symbol) give about equal

compression for both simple and complex documents. Of these

techniques, SYMBOL REMOVAL/SCAN LINE has an edge over SYMBOL

REMOVAL/FULL DOCUMENT because the storage requirement is less.

Both techniques are superior to EXTENDED TELETEX because of

the latter's requirement for a complex algorithm to organize

symbols into lines, and because of its poor commonality with

Group 3 and 4 Facsimile, an important consideration. Also

EXTENDED TELETEX was presented as a technique for generating

a mixed-mode message by a computer, not a method for scanning

a document and segmenting it into graphics and text.

Finally, FULL LINE OF SYMBOLS can give poor compression

6-4



on complex documents, and requires a complex algorithm to

organize symbols into lines.

Table 6-4 summarizes the subjective evaluations given

to each segmentation technique for each of the topics considered

in the evaluation.

6-5



z

'-4 64 4

4)a 44444

E-4 C C 4

-4 0 - 4) *. 0 0)

w 4 C34 94r

H40

0 4) W 4)
0 a U) r-4

2: w 4 -4 -8 18
0 0 0 -U

UK g 0 0 0
-4 ___4 __________

E4 i

1- 4)r-

E- -4 -4 4

0 0 0 0- w.4 L4

0 b 0 0 x 0 0 00 4

4 a. E- E-4

0 ai0

S0 E
0

la (D w 441 4) 040 ~ ~ _4 U 0- 4 410
x (a 4) xi 4 4) '- 000

&4 E- 0 - i 0- .4

0 0 a 0 K 0 4) K 0

~z1

0, 4 E-4 0

PC 4

'-4 0 C

0 00 0 -

-6-



7. RECOMMENDATIONS

The mixed-mode segmentation technique, SYMBOL REMOVAL/

LINE OF SYMBOLS appears to be the preferred approach and

should be pursued further.

Further study is needed in the following areas.

1) Compression estimates should be made on a wider

range of documents.

2) Compression should be measured for a few selected

techniques using computer simulation.

3) Studies should be made of more efficient coding

techniques, such as a shorter code for graphics width.

4) Studies should be made of techniques for organizing

symbol detections into lines of symbols.
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AhsWuU-RecaudY StudY Group XIV of CCrTT has dzutd sa nw between obtaining a high compression efficiency while mini-

RitK acodaft Was) ith cuthe o Pouind cpSMIch etwe mixing the susceptibility to transmission errors and keeping
diptark. A1 onediafISmiosid igsuua i dPh the implementation costs to a low leml Its freedom from

.oksr sode .mg 0ioiin. Hufass , coe ~dinm" patent restrictions was als an important consideration. Ina
A4 Sbe docilounif in the fbian ofbWeek end wii imase samu at 1979, an optional two-dimensional coding scheme, in the form

asI ramoi (3.85 boot/mus, 1728 p.1.Mae) to be trairad in of an extension to the one-dimenuional coding schemen, was
an avinp one of about a inammas at a raft of4800 bit/s. The Racagi added to the Recommendation TA4 for Group 3 apparatus.

Idtim.U1.OIt N W tdbamate E" code, inwa i the forIf l iaTh two-dimensional scheme allows greater compression ef-

of as orticaleosi o to th ndi. esion cos Thiscus n ficiency to be obtained for many documents, particularly
slows typimal documumae nianud az high (twice nomd) rewaiom when they are scanned at twice normal vertical resolution.
(with Osasy fbch tin am dimeadomy coded) to be U110ittsd The additional factors considered when chasing this code were
in an @~ Uan. of about 75 s at 4800 bit/s. Thu p59 describes compatibility with the one-dimensional code and possible
the woiing shemes an dead and diuse the Wsono which led to thirk ftr xeson oohrcda
chow&e In 8W 16SIm dhis poper essax the pemfcrnme of the codaes.furextnistothrcda

ptain reltio to their comprsion .ffi3my ad vumbt In this paper, we describe both of the coding schemes in-
to trowmasmio mnot, maig us @1 8 CCIT rfeimae documents. cluded in the Recommendation T.4, as well as the factors

which influenced the selection of these schemes and assess

1. IMO~unoNtheir performances. Results are given on coding statistics and
1. NTRDUCIONcompresson efficiencies, as measured by computer simulationSTUDY GROUP XIV of the CCTMr currently defines 2 Rtec- on 8 CCITr reference documents (Tip- I and 2). We have used

ommendations (T.2 and T.3) for the transmission of 2 test proedures for assssng the error susceptibility of the
documents by facsimile over the general switched tele- schemes. The results provide useful information about the

phone network. These refer to Groups I and 2 type facsimile likely extent of damage to documents caused by traunmission
apparati. and allow A4 size documents scanned at 3.85 errors and of the effectiveness of several methods which may
lines/mmn to be transmitted in 6 and 3 main, respectively, be used to reduce the subjective effects of such amage.
Faster transmission cannot be readily obtained using analogue Many companies and national telecommunications admuns-
techniques because of the restricted bandwidth of voiceband trations undertook similar evaluation studies, and it was only
telephone circuits. However, many documents that ase likely thrug widespread collaboration and agreesment under the
to be transmitted, such as -business letters, forms, and diagrams, ausice of the CCIT that it wa osbeto d aftaats
can be satisfactory reproduced when quantized and trans- factory Recommendation T.4.
mitted in the form of two tones, L~e., black and white. Hece Section Ui discusses some of the factors considered in the
a new Recommendation (T.4) has been drafted for Group 3 choice and design of the one-dimensional coding scheme.
type apparatus which tell= on digital transmission techniq ues. Setin MI outlines the standards for Group 3 apparatus and
The aim of the standard is to enable two-tone A4 documents specifies parameters such a document size, resolution, scan-
masnned at a (normal) resolution of 3.85 lines/mm, and sam- ning rate, and modulation methods. Section IV describes the
pied at 1728 samples/line to be transmitted at 4800 bit/s in an Group 3 one-dimensional coding standard and Section V sum-
average time of about 1 min over the $eeal switched tole- marizes its performance, particularly in respect to its suacepti-
phone network. It is hoped that the draft Recommendation bility to tranamismon errors. Section VI outlines the criteria
TA4 will be ratified by CCTT in late 1980. used to select the two-dimensional coding scheme described

In order to achieve this transmission time, the amount Of in Section VII. In Section Vill, we give the compression ef-
digital data representing the document image must be reduced ficiency results for this code and discuss briefly some error
by source coding. At the end of 1977, SGXXV of CCrTT susceptibility measurements.
agreed that Group 3 equipment should use a one-dimensional
run-length coding scheme and a modified Huffman code. A
one-dimensional code was chosen a a suitable compromise U. CRITRIA FOR SELECTiNG A ONE-DIumNSiAL

Gnour 3 Come
Mmart SesWd Feiauy is, 19801lo rehdmum 10, 1980.
The mesbns an with uw I... Post OoCtam Mraltam As stated in the Introduction, the main purpose of the

ilsseipuc 100111I 71. anstsed Group 3 standard is to allow typical A4 documents to be
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transmitted digitally over telephone networks in an average This model leads to run4ength coding techniques in which
time of I mi. The digital image representing a document the digital image is regarded a a sequence of alternating in-
is obtained by scanning it and quantizing each sample or pal dependent runs of black and while pals. Two source alphabets
into one of two logical levels, representing black and white. are formed, one consisting of all the black run-length values
At a normal Group 3 scannin density of 3.85 lines/mm and the other containing the set of white runs. The average
(about 1188 lines on an A4 page) with each line divided into white run-length value is given by
1728 pels, the amount of data generated would require, in the
absence of source coding, a transmission time of just over 7
min at a transmission rate of 4800 bit/s. However, due to the rw r - PW(r) (2)

P-0

strong statistical dependencies between peis, the transmission
times for moat documents can be considerably reduced with a where Pw(r) is the probability of a white run of length r and
suitable source coding method. n is the largest value of r. The average amount of informa-

The relative importance of factors such a compression effi- tion in bits for each white run is given by the entropy
ciency, error susceptibility, and complexity of implementation o
depend upon each facsimile application. A high compres- Hw F . PW(r)" log2 Pw(). (3)
sion efficiency is particularly important for high volume usae. r-e
In other applications, the need is for reliable equipment provid-
ing acceptable copies over national or international telephone Simar equations can be written for the average black run-
networks at reasonable terminal coats. In addition, the me- length value rb and the entropy of the black runs Hb.
chanical limitation of some equipment must be taken into The entropy per pel H,. and the maximum theoretical

account, and machines with a wide range of facilities must be compression factor Qmx for a given set of run-length values
able to nterwork with mom basic equipment. us given by

Based on these critars, a one-dimensional run-length coding 1 ru,+b
scheme using a modified Huffman code was chosen as a basic Qa Hw + Hb (4)
Group 3 standard. Runength codes have been widely em-
played in data reduction systems and are easy to implement. Hpd in (4) is usually higher than HI. for the Capon model
In moat caes, Huffman codes-offer high compression efficien- given in (1) and indicates that the run-length coding model
cies and the use of a "modified" code simplifies implementa- includes some of the higher order dependencies between suc-
tion. Damage caused by erors is kept to acceptable levels by cassive peis of the same color. There are, of course, depen-
using a single line coding scheme and by transmitting a robust dencies between adjacent runs on the same line which have
line synchronization codeword. Other codes were investigated been ignored in the above analysis. However, these depen-
but were found to be equally susceptible to errors and Sen- dencies have been found to be small [61, providing about a
erally performed lees efficiently. 10 percent decrease in the value of Hpe.

In the above analysis, the white and black runs have been
A. Compression Effciency placed in separate source alphabets. If the black and white

Numerous source coding techniques have been applied to run-length distributions are combined into one source alphabet
digital facsimile signals in order to reduce the amount of data with entropy H., then H, > I (H + Hb) with equality oc-
required to transmit them. Data reduction is achieved by curring only when Pw(r) - Pb(r) for all values of r. Measure-
using a code which exploits the statistical dependencies be- ments on typical documents have shown that Qma is increased
tween pals. The facsimile signal is characterized by a source on average by about 25 percent if separate distributions are
alphabet for which source symbols have low statistical de- used instead of a single distribution. It is generally agreed that
pendency. A code table is used which provides a statistically the advantage of this increase in the available efficiency out-
optimum match between the source alphabet and the code- weighs the disadvantage of having to use two separate code
words. Codes which make use of only the horizontal depen- tables.
dencies between peis on the same scan ln ae usually classed Many different codes have been designed for use in run.
as one-dimensional codes, while two-dimensional codes attempt length coding. However, it can be shown that Huffman's
to obtain greater efficiency by exploiting both horizontal procedure (71 is the optimum method of constructing a
and vertical dependencies. Shannon's theory of communica- uniquely decodable and instantaneous code which has, for a
tion [41 indicates the amount of data reduction that can be given independent source alphabet, the smallest average
achieved by statistical source coding methods, but the actual codeword length. Such a code is usually called a compact
statistical dependencies between pels can only be determined code. For example, the average number of coded bits per
by experiment, run for the compact code designed for the white run lengths

A useful model of a digital image has been proposed by will be in the range
Capon ( 51. Each sea line is regarded a first-order Markov
chain in which the color of each pel X, is dependant only on Hw IC"-Pw(r)-nw(r)< Hw + 1 (5)
the color of the previous pei XI-1 . The average amount of
information per pal is given by the entropy Hpej, where where n,(r) is the length of the codeword representing the

white run-length P. The code is instantaneous since it is a
w = P(X. 1 , X) oP(Xog Xg., ) (1) prefix code for which no codeword can appear as the be-SX-I X, ginning of any other codeword in the same code table. Thus

codewords can be decoded as soon as they a received. Also
where the summation is taken over all possible combinations the code is exhaustive so that any sequence of binary digits
of 2 adjacent pels. can be decoded.
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The Huffman code tables used in the Group 3 standard reduction factor is often referred to as the throughput. For
were designed from the run-length statistics averaged over example, following Burton's [81 analysis for a 4.8 kbit/s V27
many typical documents. Two Huffman codes would result ter modem, a "stop-and-wait" ARQ system has a throughput
in a large number of codewords (1728 in each) and hence a as low as 0.85 on a national terrestial circuit and as low as
"modified" code was designed in which every run length 0.27 on a single satellite circuit. For a continuous ARQ
greater than 63 is broken into 2 run lengths, namely a make-up system, which requires an asymmetrical full duplex modem
run length having a value N X 64 (where N is an integer) and a with a backward channel rate of 75 or 1SO bit/s, the correspond-
terminating run length having a value between 0 and 63. This ins throughputs are as low as 0.89 and 0.84, respectively.
reduces the number of codewords required and simplifies FEC codes have higher effective transmission rates but must
implementation. The extra run lengths required lead to be designed for the errors experienced on practical circuits and
modified source statistics but the reduction in efficiency is can be very sensitive to changes in those error patterns. Re-
small. Furthermore, measurements have shown that the cently, an implementation of a Reed-Solomon code on a
modified Huffman code tables used in the Group 3 standard microprocessor has been demonstrated [9]. This system is
are reasonably insensitive to considerable changes in the source capable of correcting a single bunt error spread over up to
statistics and most documents can be transmitted with high 17 bits in a block of 255 bytes, and has a throughput of
efficiency, greater than 0.97. However, it is difficult to assess the per-

formance of this system snce, in general, the error charac-
B. Error Susceptibility teristics of most switched telephone networks are not suf-

An acceptable digital facsimile system for use on the general ficintly well known.
switched telephone network must include some method of
dealing with transmission errors and of limiting their effects. C. Complexity of mplemenroion
Three methods have been considered. In the past, Huffman codes have not been used in document

facsimile systems because they were generally regarded as
1) restriction of the damage caused by errors to as small an being difficult to implement. For example, Huffman decoders

area on the document as possible; usually relied on simple table-lookup or tree-follower methods
2) detection of errors and retransmssion of blocks of data which require a Large amount of storage and are slow in opera-

in error using an automatic repeat request (ARQ) system; tion. It was also thought that the codes did not recover
3) detection of errors and their correction at the receiver quickly from transmission errors. Intead of a number of

usinga forward-actingerror correcting(FEC)code. other codes, comma or block codes (31, (101, 1111, 1121

The Group 3 coding system has been designed so that the were proposed for facsimile use. Although they were easier to
damage caused by a transmission error is confined, where pos- implement, they usually gave somewhat lower compmon
sible, to the scan line in which the error occurs. This is achieved factors and were more sensitive to changes in document
by transmitting a special synchronizing sequence called the statistics. Recently, methods of decoding Huffman codes have
end-of-line (EOL) codeword at the end of each coded line. been devised which are fast and require a modest amount of
This codeword is unique since it consists of a sequence of storage [ 131, [ 141. Furthermore, after the modified Huffman
digits which cannot occur naturally anywhere in a scan line code had been proposed for the Group 3 standard, its recovery
of coded data (see Section IV-C). It can therefore be easily properties were studied in detail. From this investigation it
recognized and although a coded line i damaged by a tras- was concluded that the code performed satisfactorily in
mission disturbance, all subsequent lines can be correctly respect of its susceptibility to errors.
received and decoded. This method has a further advantage; One code in particular, the intermediate ternary code (ITC)
since each correctly decoded line represents exactly 1728 (31, (1I was considered as a possible alternative code for
pels, a damaged line containing a different number of de- Group 3 equipment since it was thought that in the presence
coded pels can be detected. The receiver may then be able to of enors, it might perform better than a Huffman code. In

reduce the subjective effect of the damage on the document the ITC scheme, the binary numbers represnting the values
by employing one of the error concealment processes described of the run lengths are converted to a ternary state which
in Section V-D. distinguishes between black and white runs. Ternary pentades

ARQ and FEC methods were considered but neither have are then converted into binary octade which form the coded
been incorporated in the Group 3 standard since they are data. In its basic form, this code does not require a code table
complex, add extra cost to the equipment, and increase the and therefore the implementation is simple. Also, since the
transmisson times. Furthermore, there is insufficient evidence codewords a all 8 bits Iong, there can be no Lou of code-
to show whether either of these methods would be suitable on word synchronization. However, a comparison of the effects
general telephone networks and manufacturers' field exper- of errors on the ITC code with the effects on the modified
nce indicates that acceptable document qaUty can be Huffman code [161, indicated that there was very little

obtained for most facsimile calls without the use of error practical difference between the codes. in addition, the ITC
correction methods. However, studies indicate that error code produced slightly lower compression factors than the
control techniques may be applicable to future facsimile modified Huffman code.
equipment.

ARQ systems have the advantage of being very reliable and . E.,MENT" OF ThE GROUP 3 R."OMMItDAIONS
insensitive to changes in the channel error rate. Systems can The specifications needed to provide for interworking of
be designed such that the probability of an undtected error Group 3 facsimile equipment over the general switched tele-
in a block (of say 2048 bits) in lew than I in 10'. However, phone network are given in CCITT Recommendations T.4 and
they lead to a reduction in the effective transmission rate-the T.30. Recommendation T.4 contains standards concerning
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the following parameters: document size, resolution, scanning 1w, of wase"
rte, source coding methods, and modulation method. As- 0w DATA 01 DATA P4I" DATA
sociated with these are a number of options which enable
facsimile equipment to communicate in alternative modes,
e.g., a higher vertical resolution is provided so that higher_____________
quality copies can be obtained. Two facsimile machines may DATA eM I011010 Iso9L 0LJs o *FPMM

communicate using any of the options by mutual agreement, - . c
otherwise they must use the appropriate recommended Fig. 3. MeseWfomat.
standard.

Recommendation T.30, which is not covered by this paper, bier, equalization, and timing signals defined in CCITT Recom-
specifies the digital signals and procedures used by Group 3 mendation V27 ter, However, where higher speeds of opera-
apparatus for: call setup, premessas procedures for identify- tion are possible, it has been agreed that Group 3 equipment
ing and selecting the required facilities, message transmion, may operate optionally at 9600 bit/s, and 7200 bit/s using
postmessage procedure, and call release. The following sub- the modulation, scrambler, equalization and timing signals
sections summarize the parameters defined in T.4. defined in CCITT Recommendation V29. Some MTf Adminis-

trations point out, however, that it may not be possible to
A. Dimensions ofApparauv guarantee the service at a data signalling rate higher than

1) Facsimile machines should be able to accept A4 size 2400 bit/s.
documents. As an option, documents up to A3 in size may
be transmitted with the same resolution. IV. ONE-DIMENSIONAL CODING SCHEME

2) The normal vertical resolution is 3.85 lines/mm. A high This code was first suggested by the Plessey Company in
vertical resolution of 7.7 lines/mm is avaiJable a an option. 1976. Later a revised version of the code was proposed

3) Each scan line on an A4 document is divided into 1728 jointly by a number of British and American companies under
black and white pels. The number of pels may be optionally the auspices of the British Facsimile Industries Compatibility
increased to about 2600 to allow documents up to A3 size to Committee (BFICC) and the Electronic Industries Association
be transmitted at the same resolution. (EIA) [ 17 1. It is this vernion of the code that was eventually

4) The scanning line length on an A4 document is 215 m. accepted by SGXrV of the CCITT. The extended code table
Other line lengths may be used provided that the vertical resolu- described in Section IV-B is due to a proposal made by the
tion is adjusted to maintain the correct picture proportions. British Post Office.

The normal vertical resolution is chosen to be the same a
that used in Groups I and 2. A higher resolution is included A. The Coding Scheme
to allow higher quality copies to be obtained. A horizontal Each scan line is regarded as a sequence of alternating black
resolution which is nearly twice that of the normal vertical and white lines. All lines are assumed to begin with a white
resolution is required to ensure that staircase effects on vertical run to ensure that the receiver maintains color synchroniza-
black and white edges due to the sampling and quantizing tion; if the first actual run on a line is black, then a white run
processes do not impair legibility, of zero length is transmitted at the beginning of the line.

Separate code tables are used to represent the black and
B. Minimum Scan Line Times and Message Format white runs and these are given in Table 1. Each code table can

These are specified so that transmitters and receivers can represent a run-length value up to the maximum length of one
keep in step on a line-by-line basis and to allow for mechanical scan line (1728 pels) and contains two types of codewords:
limitations of some machines. Also, some receivers operate terminating codewords (TC) and make-up codewords (MUC).
at normal resolution by printing each scan line twice at high Runs between 0 and 63 pels are transmitted using a single
resolution. The recommended standard minimum scan He terminating codeword. Runs between 64 and 1728 are trans-
times (MSLT) is 20 ms (equivalent to a minimum Of 96 coded mitted by a MUC followed by a TC. The MUC represents a
bits at a transmiseion rate of 4800 bit/s) and there are options run-length value of 64 X N (where N is an integer between I
of 10 ms (48 bits), 5 ms (24 bits) and 0 ma (Le., no restric- and 27) which is equal to, or shorter than, the value of the
ion). Any machine offering an option must be able to run to be transmitted. The following TC specifies the dif-
operate at all longer MSLT's down to 20 ms. The recoul- ference between the MUC and the actual value of the run to

* mendation also includes a 40 ms option. The coding pro- be transmitted.
cedure includes a method of adding varying length strmns of The coding of each scan line continues until all runs on the
"fill" bits to those coded lines containing fewer than the line (ie., a total of 1728 pels) have been transmitted. Each
required number of bits. Fill bits are easily recognized by the coded line is followed by the EOL codeword. As stated in
receiver and are discarded. Section II-B, the EOL codeword is a unique sequence which

Fig. 3 shows the format of the data for several coded lines. cannot occur within a valid line of coded data. It can be
The end of document transmission is indicated by 6 consecu- detected irrespective of the way in which the decoder breaks

. tive EOL codewords which form the return to control (RTC) up the coded line into codewords. Thus, if a transmission
signaL error corrupts some of the coded scan line data, then the error

cannot prevent the EOL from being detected.
C Modulation and Demodulatdon Methods If the number of coded bits in a line is fewer than a certain

When operating on the general switched telephone network, agreed minimum (Secton Ill-B), then "fill" bits conmisting of
it is recommended that Group 3 equipment should use data varying length stngs of "0"'s are inserted between the line of
rates of 4800 bit/s and 2400 bit/s and the modulation, scram- coded-data and the EOL codeword.
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1110 010 A2112 0000000 100
1110001£ 2174 000000010101

*10011 000101 2240 0000=010110
1 £0100 00010 to'30 000000010111

10 00 111 (000100 1 " 00000001 l00
1I 01000 AM00101 I4X 00000001 Nof

£2001000) 0000111 £400 =000001, 10
13 o0c0lt 000010100 Mo 0000000££I..

11 110101£ 00001110
£4 110100000010111

£7 .0.011 00000 1001)
£0010011£ 000001000
£9 00011too 0000110011£ tended code table is signalled in the Recommendation T.30

20 01£00 0101000co
2£ 00101££ I001t0oo control procedures.

22 000001£ 00000110111
23 000100 00000101000
24 0101000 00001
23 0,1010:11 "ago0111 C Construction of the Modifted Huffman Code Tables
ft WIN01 I00tale,01 The Properties of the EOL codeword can be further under-21 0100100 001011
20 0011000 001010
29 00000010 00001100101O stood by considering the construction of the modified Huffman
20 00000011 000001101000 code tables. Each code table was initially designed accord-
22 0001101£1 0=0.010101 ing to Huffman's procedure and to contain the codeword

coo0101 00000l0000I
24 1001001£ 00001101000 "0000000 (7 X "0") which was designated to signal the end
20 '4010100 00001 t010011
34 001010i 0000110100100 of a scan line. Redundant bits were then added to the code-
2? 0010110 am0110010
10 A"1111£ 0000l0I0110 word 7 X "0" to form the codeword lo X "0" +"1". By
39 00101000 001001
40 01010 00000110110 examining Table 1. it can be see that no codeword ends in
41 00001010o 0 0 lotl~42 010101 l101118 asequence of more than 3 "0"'Is or begins with a sequenice of
43 010100 000011011011 "O"'s larger than 6 and therefore 10X"0" +"I" forms a-
As 000101ft 000001910161lo
40 00000101 0000010161 10 uoloiue seq~uence which cannot be produced bya concaitena-

4? 000110k 000100100 tion of codewords. The final "1" of the EOL is included to
49 01010010 000001£0010 indcat the start of the next coded line, since fill bits may

00 0100 COMM0110
0010110 0000001001 extend the sequence beyond 10 X "0".

S2 00100100 000110111U The extended black and white code tables were formed
04 0010010 0000009110a0
$5 01110 00mo00011usn the codeword 7 X "0" asthe prefix for the 13exr
07 0101101 0to00101100 MUC. The 7 X "0" codeword originally designated to signal
00 010ti11 000001011001
09 01001010 000000101011 the end of a scan hune now needs to be increased to 8 X "0".
40 00001011 000000101 100
41 00110010 . 0000010110TO Redundant bits are then added to this codeword to form the
4 00110000 000I£00111 -OL codeword I IX "0"+ "I" which is unique using either

~~ the basic or extended code tables. This process can be carried
tic 101 0000801111

12n 100.0 0000100100 out without altering any of the other codewords in Table 1.
2I" 0110111 0000101lol The same 13 extra codewords can be added to each code
320 .1130100MGM000ook0I table without a loss in efficiency since long runs occur very
204 00110111 00U0111001
48 01100100 000000110101 infrequently.
513 0110010£. 0000901010l0
S76 0110100 000=00I101
040 011001: 1 0000001001010 V. PFt ORMANCE OF THE ONz.DImDIoNAL
10" 01010 0000001001011

41" 2110001 to001010 CODING SCHE
006 011410011 0001011101100of '-- - ' -

040 0101000000000111001£ The performance of th one-dimenoal codingo scheme was
1004 0 111010 0000001110900
£000 01,010,10 00004000010 assessed by computer simulation Measurements were made
114 .1.1 1 -000III11 on run-length data obtained for the 8 CCiTT A4 reference
.100 0!101100 000001 documents which were recorded on magnti tape by CCITT
'24o 0110110I0 000000101001
l400 011011 0000001010100t on behalf of the French Administration of Posts and Telecom-

122 0101001 laic10 11 munications. Ewa document was scanned at high resolution
1000 010110. 100 1011111

Z00 01010000000 (7.7 lines/mim) and contained 2376 lines. Measurements made
100. 0000000001 0000000001at normal resolution (3.85 linus/mm) used the 1188 odd

numbered lines.
Two main types of simulation were Performed to es. the

A Thke Extended Code Tables erro sensitivity of the one..dimensionai coding scheme. Firstly,
The Group 3 standard provides an optional extension to the coded data obtained using the one-dimensiona coding scheme

coding scheme allowing machines to transmait larger paper we. subjected to singe random errors in order to study the
widths up to A3 in size which require nearly 2600 pels/line. resynchronization properties of the modified Huffman cods
This option n provided by 2 extended code tables; formed by (Section V-B). This method was originally designed to comn-
adding 13 extra MUC Hootd in Table 11 to each of the bosic Pare the ueynchroniaation properties of various variable
code tables given in Table 1. The construction of the extra length, comma-ime codas Secor.. ~, error susceptibility
codewords is deseribed in Section N-C. The us of the oix- measurements were made on a number of documents using
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Fig. 4. Effect of an eor on coded data.
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, time --,,,-,, o any of the error concealment techniques described in Section
r A 3 I I I I I I I r^ rTTV-E, two lines adjacent to the EOL will be replaced by a single

.eeyde.zeti line.

Fg. S. Effect ofa ew o a acan ie. 2) Premature EOL: This occurs when an error occurs in
the fill bits. It creates a spurious or false EOL and an extra

included.) Occasionally, the error does not cause loss of line may be inserted in the document. Premature EOL's may

synchronization as the length of the corrupted codeword be recognized since they produce coded lines with fewer

decoded by the decoder is the same as that formed by the coded bits than specified by the MSLT.
coder. In this case, the resynchronization period is equal to 3) Falke LOL: An error corrupts a coded scan line in such

the length of the corrupted codeword. a way as to create a spurious EOL An extra line will be added

Fig. S shows the corresponding effect of the same error on to the document.

the actual decoded scan line. A sequence of correct ("lor* Itatistically, the average number (A) of EOL's hit by single

run lengths is replaced by a sequnce of incorrect ( ") random errors during the transmission of a document is equal

run lengths. If the correct run lengths generated after re- to the number of errors occurring on the document multiplied

synchronization could be replaced in their true positions, by the proportion of coded bits assigned to EOL codewords

the actual number of damaged pels would be reduced to the LX M
sequence labelled "lost" pals. The amount by which these A -(EXN)X LELM (6)
correct run lengths are shifted to the right or left of their
true postions is called the displacement, where E is the error rate, N is the total number of coded bits,

The resynchronization periods and displacements of the L the length of the EOL codeword and M the number of scan
modified Huffman code, as described above, cannot be easily lines. Thus A is independent of the number of bits required
calculated and therefore were measured experimentally using to transmit the document and depends only on the error rate.
computer simulation techniques. Single errors were randomly For example, if E is 1 in 10s and M is 2376 lines, then A is
inserted in the coded data obtained from a document and a equal to 2.8. If bursts of errors are considered, each of which
computer program was used to decode simultaneously both a is spread over B bits, then the above equation becomes
correct version of the coded data stream and a version con- A-E(L+B- 1)M. If, for example, E is a burt error rate
taimin the single error. When a corrupted codeword was of 1 in 10 and B is 10 bits then A equals 0.5. On an actual
detected, its position was recorded and decoding was con- telephone line, the burst length can vary widely and the values
tinued until resynchronization in terms of both "color," of A may differ from those given in this simple analysis.
Le., black and white, and codeword length took place between Computer simulation methods were used to assa8 the fre.
the 2 data streams. About 2000 errors wer inserted into the quency of occurrence of the thee events listed above. Four
data obtained from each coded document in such a way that of the CCITT documents scanned at high resolution were
once one error had been inserted, no further error was inserted coded with a MSLT of 20 ms and the coded data was sub-
until esynchronization had occurred. jected to the first of the 4 real error patterns recorded by the

Table VI summarizes the results obtained for 4 documents University of Hannover. The corrupted data was decoded by
scanned at high resolution. The median values show that for a computer program and a record of the three EOL error
half the errors, the number of lost runs and lost pals is less events was kept. Three test runs were performed for each
than SO and 20 pels, respectively. These are equivalent to document In the first run, the beginning of the error pattern
disturbances of 6.2 and 2.5 mm along a scan line, respectively. coincided with the start of the message (Fig. 3). In rum 2
The results show that in most cases the modified Huffman and 3, the start of the coded data coincided respectively with
code recovers very quickly from disturbances and indicate that the 1 024th and 2048th bits of the coded data. The results
one of the correlation processes described in Section V-D obtained for the 3 runs are pven in Table VU.
could be used to reduce substantially the damage caused by a The real error pattern has an average bit error rate of 7.3 in
large proportion of such earrors. 10', a burst error rate of 7.1 in 10s (guard length of 100

bits), 99 percent of burst have a spread of between 9 and
C. £nd-ofLine and FW Bit £rrors 16 bits, the average burst spread is 10 bits and the probability

Three effects or events ae considered. of a block of 2048 bits being in error is 0.08. However, these
1) Loe SOL: This occurs when an error corrupts the SOL statistics disguise the fact that the distribution of the es

codeword in such a way that it cannot be recognized. Using In this real error pattern is " uneven. Because of this and
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TABLE VII correlation is gpod, generally at the beginning and end of the r

Fuiucrw oF Faawns ow EOL Seauica Poe damaged scan line, the scan lUne data is used to reconstruct
OW-DibusIomAL COOAG the line. The part of the scan line which is assumed to be

damaged is then replaced by a corresponding part of the
previous line. Other interesting reconstruction methods areiW 1 3 3 1 3 2 3 1 a 3 desribedin theliteratle[31,[221.

- - -3V1. SE.ECTION OF A TWO-DIMENSIONAL
S UU 3 3 2 5 6 2 3 3 7 9 9 5 CODING SCHEME

P LSuU 0 1 0 1 0 1 0 0 1 0 a I There as considerable interest in two-dimensional facsimile
coding techniques, particularly in Japan, as is illustrated by

WMMMU A 26 2 " 60 0 7 ft 70 T T7 S Yasuda in this issue [321. It is asserted that such coding
9D _ OF EM 33 87 ?9 _schemes speed up the transmission of documents, especdallyu0,m 33 87 79 8

when they are scanned at high resolution, without significantly
-- increasing system costs. Although two-dimensional coding

schemes are more vulnerable to transmission errors since thebecause the number of bits required to code each document effect of a single disturbance can propagate over several lines
varies, the values in Table V13 differ considerably. For ex- it is felt that the increase in document degradation is not Wage
ample, the average bumt er rate for document 5 is higher enough, in general, to deter their use. As a result, Japan [231
than that for the other documents and this produces a la proposed that a two-dimensional code called the relative ale-
number of lst EOL's. ment address desi ate (READ) code should be included as

The error rates quoted above for the real error pattern am an option in the T.4 Recommendations for Group 3 equip-
regarded as being rather high. For example, measurements by ment. This code combines some of the techniques used in two
Balkovic et at. (201 indicate that 95 percent of connections earlier coding schemes, RAC and EDIC, (these and the READ
on the Bell Telecommunications Network have lower error code are described by Yssuda), and is specifically designed to
rates and 50 percent of connections have bust error rates of be an extension of the Group 3 one-dimensional coding
les than 1 in 106 for a transmission rate of 4800 bit/** Al scheme. Interest in this code is substantial since it has proved
though error rates for many telephone networks are not to be more efficient than RAC, EDIC, and many other two-
available (error rates ar difficult to classify because of their dimensional coding proposals.
wide diversity), there is no evidence to show that, in general, SGX1V subsequently received further contributions concern-
they differ substantially from Balkovic's results. Thus it may ing two-dimensional coding schemes which fall into 2 cate-
be concluded that the error disturbance on most documents gories. IBM Europe [24], the 3M Company [25], AT&T
will be Small and substantialy lower than indicated by the (261, and the British Post Office (271 proposed schemes
results in Table VI. which are also designed to be direct extensions of the one-

dimensional code. The Federal Republic of Germany (281
and the Xerox Corporation [291 proposed schemes based onUnless the number of decoded pels between 2 successive predictive coding (301. SGXIV agreed a procedure for m-

EOL codewords is equal to 1728, then it can be assumed that suring the compression efficiencies and for assessing the error
an error has occurred in a transmitted line. In this cae one of susceptibilities of the codes and during 1979 the codes were
the following error concealment processes may be adopted: extensively tested by SGXI)V delegates. The performances of

1) replace the damaged Une by an all white line; the codes wer then examined at a SGXIV meetingin Kyoto,
2) repeat the previousIne; Japan, in November 1979. A comparison of the codes shows3) print the dam ied line; that, from a technical point of view, there is little difference

4) we a line-to4ne procesing or correlation technique to between them in terms of their compression efficiency and
reconstruct as much of the line as possible, error susceptibility. The READ code was strongly supported

because it had already been built into a large number of com-
The run lengths decoded after resynco tion are ds- mercial machines. However, some SGXIV delegates suggested

placed from their correct positions on the scan line. If the that a number of modifications to the READ coding proce-
displacement is more than about 4 pals, then the picture dure would simplify its implementation without significantly

1 |information on the damaged line will become disassociated changing its compression efficiency. The following alterations
from that on adjacent lines. Since this effect is very notice- were suggested:
able and causes a disturbing streak across a pap, it is usually I) Vertical mode coding should be restricted so that the
preferable to use method 1) or 2) above rather than to print examination of the reference line does not extend beyond
the damaged line. For small displacements, however, method ±3 pals. The statistics for the coding elements obtained for
3) may provide a simple means of minimizin the loss of the READ code show that horizontal mode coding was nearly
information due to an error, always more efficient than vertical mode coding when the

Correlation methods 4) take advantage of the fact that the examination of reference line is extended beyond 3 pals. This
recovery period is often short and attempt to retain a much restriction simplifies the implementation since it is not neces-
as posible of the correctly decoded data on a damaged line. sary to code every changing element by both horizontal andThi is achieved by attempting to locate'the damaged run vertical mode coding.
lengths. One method (211 is to meure the coelation be- 2) The necemity to add insrtion bits (bit stuffinag) into the
twesn groups of pld on the damaged line with conraponding coded data should be avoided. It was generally agreed that the
groups on the adjacent lines above and below. Whe the we of inswrion bits in the READ code to ensure a unique line

A-l0



64 PROCEEDINGS OF THE IEEg. VOL. 6e. NO. 7. JULY 1950

synchronization sequence would add extra implementation b, I
complexity. ,ef. i.e ____ _IIIe,4iag lawe

3) The EOL codeword should be made the same as that a,
used in the ono-dimenmonal coding procedure. This ensures Ce)
that the code rezains its rmynchronization properties and ,.., ,.
avoids the need for bit stuffing. .

4) The code should cater for future extensions, In paricu- b!
lar, a number of delegates expressed their dbsire for the two- I I1
dimensional code to provide an uncompresed mode. Later it 0, at &I
may also be desirable to include more sophisticated coding 6, . 1
procedures such as feature extraction or pattern recognition (b)
techniques and the coding of Say or colored areas.

After considerable discussion a suitable compromise, called Fis. (a) Pm mode. (b) Vw ed hoaua mes.
the modified READ code, was proposed by the Japanese dele-
lotion. This proposal incorporated many of the features de- 1) Pau Mode Coding: This is identified when the position
scribed above and was readily supported by SGXIV. of b2 lies to the left of aI. The purpose of the pass mode is to

V11. THE Two-)imIsiONAL CODING SCHELME identify white or black rus on the reference line which are
not adjacent to corresponding white or black runs on the cod-

The modified READ code is a line-by-line scheme in which ing line. The pas mode is represented by a single codeword
the position of each changing element on the coding line is in the two-dimensional code table (Table VIII).
coded with respect to either the position of a corresponding 2) Vertical Mode Coding: When this mode is identified, the
changing element on the reference line, which lies immediately position of aI is coded relative to the position of b 1 . The rela-
above the coding line, or with respect to the preceding chang- tive distance alb, can take on one of seven values V(O),
ing element on the codingline. Afterthecodinglinehasbeen VR(I), VR(2), Ve(3), VL(I), VL(2), and VL(3) each of
coded, it becomes the reference line for the next coding line. which is represented by a separate codeword. The subscripts
In order to prevent the vertical propagation of damage caused R and Z indicate that aI is to the right or left, respectively of
by transmission errors, no more than K - I successive lines us be, and the number in brackets indicates the value of the dis-
two-dimensionally coded and the next Une is one-dimensionally tance a, bi.
coded. Usually K is set equal to 2 at normal resolution and set 3) Horizontal Mode Coding: If vertical mode coding cannot
equal to 4 at high resolution. Before describing the coding be used to code the position of aI, then its position must be
procedure, it is necessary to define the changing pels and the coded by horizontal mode coding. That is, the run lengths
3 coding modes used in the coding procedure. aea, and ate. are coded usng the codewords H+M(ata1 ) +

M(ata2 ). H is the flag coderord "001" taken from the two-
A4. Definition of Chunging Picture & dimensional code table (Table VIII) and M(aoat) and M(alao2 )

Definiion: A changing picture element is an element whose are codewords taken from the-appropriate modified Huffman
"color" (black or white) is different from that of the previous code tables to represent the colors and values of the run
element along the same line. lengths aa I and aI 2.

The coding algorithm makes use of 5 changing elements situ-
ated on the coding and reference lines. Those are defined C. The Coding Procedure
below with examples given in Fig. 6. Having determined the next set of changing elements at , a 2 ,

ao : The reference or starting changing element on the cod- b1 , and b2 , the coding procedure identifies the next coding
ing line. Its position is defined by the previous coding mode, selects the appropriate codeword from Table VIII and
mode as described in Section VII-C. At the start of the then resets the reference element a0 as defined below. The
coding line, ae is set on an imaginary white hanging coding procedure is formally defined by the flow diagram
element situated just before the fust actual element on shown in Fig. 7 and basically conmat of 2 steps.
the coding line, a) Step 1:

a,: The next changing element to the right of a0 on the i) If b2 is detected before aI then a pmw mode has been
coding line. This has the opposite color to ao and is the identified and the code word "0001" is issued. The reference
next changing element to be coded. element ao is set on the element below b in preparation for

at : The next changing element to the right of aI on the the next coding.
coding ine. ii) If a pas mode is not detected, proceed to Step 2.

bl: The next changing element on the reference line to the b) Step 2: Determine the number of elements which sepa-
right of ao and having the same color as at. rate at and bt.

b2: The next changing element on the reference line to the I) If abI b11t3 then code the relative distance aIbI by
right of bI. vertical mode coding. Set ao on the position of aI in prepara-

tion for the next coding.
If any of the codingelementsaI,at., b, b2 ure not detected ii) If IaI b I I >3 then code the positions of a, and .2 by
at any time during the coding of the line, then they are set on horizontal mode coding, i.e., transmit the codewords H +
an unaimary element positioned just after the last actual ele- M(aoal) +M(eia 2 ). After the coding, a2 is regarded as the
ment on the respective scan line. new position of the reference element ao.

It is possible to vary the above procedure without affecting
. Deftinition of Coding Modea the compatibility between coder and decoder but further
The coding procedures uses 3 coding modes which are de- studies into the use of thes variations are required. For exam-

fined below and illustrated by the examples given in Fig. 6. pie, it is possible to restrict the ue of the pas mode to a single
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pass made to prevent long sequences of pass modes which a, TOTM W
might give inefficient coding. Aso, if I a Ib 113. eacha I may arz .

be coded by both vertical and horizontal mode coding and *31~) 004

the most efficient coding mode chosen as in the original READ-
code. However preliminary tests have not indicated that these
particular variations lead to increased compression factors. 'L .0. 2 .22 0=10

D. Coding the Firt and Last Elements on a Line- -

If horizontal mode coding is used to code the first element2D ro WL

on the coding line, then the value of alla, is replaced by
aoa I - I to ensure that the cornet run4ength value is trans- to-alZWO (IM) ~ 0001
nutted. Therefore, if the first element on a line is black, then '_ NOfW nSL '1'
the ruist codeword M(eaa) will be that which represets a 2-D 700E 0? M=~ LMe 70

white run of zero length.
The coding of the line continues until the imaginary chang- e ta'4 f7f tho Bodiftod ftrfa . St-*'P

ing element situated just after the lIst actual element on the Tau i a 2. 'h* bit masmat ftr tas bit. is 211 for =4.W4

coding line has been coded. Thus exactly 1728 elements are
coded on each fine and the receiver can check that each line
has been correctly decoded. F. EOL codeword, Tag Bits, Fill Bits, and Return to Control

Each BOL codeword is followed by a single tag bit, a "I1" or
E. The Code Table a "0", which indicates that the next Line is one or two dimen-

The two-dimensional code table is given in Table V111 and is sionally coded, respectively. "Fill" bits consisting of variable
also drawn in the form of a code tree in Fig. 8. The code tru length strings Of "O"'s are inserted, when required, at the end
is constructed so that it contains the codeword -'0000000" of a coded line and before the EOL and tag bit. The return to
which is then extended to form the EOL codeword I1I x control (RTC) signial consists of 6 consecutive EOL codewords,
..0". + I.,. The remaining codewords are then added to the Each of which is followed by a "I" tag bit.
code tree according to the relative frequencies of the required G.KFcocoding elements. Thes frequencies were obtained by com-G.KFco
puter simulation test on the CCnT documents. Finally the As stated earlier, it is recommended that, after a one dimen-
two-dimensional extension codeword (Section V114I) is a2- sionally coded line, not more than K - 1 successive lines are
signed to the shortest remaining codeword. This construction two dimensionally coded, where K is equal to 2 for-documents
method ensuires that the same unique EOL codeword is used scanned at normal resolution, and 4 for those scanned at high
whether a line is coded by the one- or two-dimensional coding resolution. More scan lines than suggested by the value of K
p. cdune. can be one dimensionally coded without affecting compatibil-
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ity if this proves useful in terms of either compresson or error TABLE IX
susceptibility. NuNmse OF Covan Brrx Os5TMND POt Two-DnunssomA

Gacu 3 Conmo
H. Uncompreved Mode

Both one- snd two-dimensional coding of some detailed doc- --.

umems leads to localized data expansion where the number of 0 .v 12 24 a .. 20 . ... ,"

bits exceeds the number of pels. Documents containing - - -

screened photopaphic images, or areas of cam hatching as on 1306U 1893 206 236W i.572'

some business forms can produce this effect. To cater for - -

these situations, an uncompressed mode, proposed by IBM 1'..? -16 .6072 173

[ 31 1, has been sugested as an option to the two-dimensional 3 o 23 33629 .9332 203

coding scheme. Entry to the uncompred mode on a one-
and two-dimensionally coded line is achieved by using the one- - .""75 6%436 369(. SW7%

and two-dimensional extension codewords, respectively, given 5 U-8 2,3 3U V184 a5
in Table VUL with the bits XXX set to 11. The other combi-
nations of XXX are reserved for other as yet unspecified 6 '505723 ft 129!79 30069 &4"0*
extension. However, on a one dimensionally coded line, the - - -

coder doa not enter uncompressed mode following a code- '320129 1 o609 5
word ending in the bit sequence "000". This prevents the s 2 1o.9 233"66 183674

detection of false -OL's by the decoder caused by concatena- -

tion of this sequence with the one-dimensional extension AM= )36 )k989 29019

codeword.
The foilowing example of an uncompressed mode is iven in

Recommendation T.4. Once the uncompressed mode has been TABLE X
entered, the source data itself is transmitted, with a "0" repre- FS5QUDCI or CODING EumuerI 7.7 LZNusmm. X 4

senting a white pel and a "1" representng a black pel. Each =c ? n a, V 11), V, (2. NVIL1: V,:2V t.3
group of 5 successive "O"'s must be followed by an insertion
bit "I". The insertion bits an discarded by the decoder. The 1 166 26. 16"5 553 979 36 39'. i035 26,

corresponding code table is . 7735 1032 9907 223 '190 M21 "9 6.6n 902

)jgwfalem CoIdeword 5 3UP 4310 35520 L1296 1592 362 10970 1366 -2U
1 1 ..-.-- .--

01 01 7 86u12 1392 IOU66 1-17 '01 1- 72 1 22 12

001 001
0001 0001
00001 00001 TABLE XI
00000 000001 Epwcrs ON Easoes om EOL SsouL-4ca FoR

The uncompressed mode "1" insertion process allows the Two-DtmaNswms. COIN

use of the following 5 exit codewords: 1 I I -

Codewoesi Imag Pattern =57AM 1 2 3 i 31 1 Z3

OOOOOOIT non um 01S 2 5 10'" 3 3
00000001T 0
000000001T 00 MV o 4 3 8 6 . 6 5 9 aOOOOOOOOIT 000 ni0Iw .8 6 6 99 2
OOOOOOOOOOIT 0000 rA= uu 0 11 i 1 0 1 0 1 3

The flag bit 7T denotes the color of the next rmn: black is 1, , . .2 , 1 61 12'. 116 6. tS 'I 3..7 2
white is 0.

At the presest time, the uncompressed mode is still under so o Z30 .2 :.
review by SGXIV and has not been fully tested. Procedures Won

are being considered which will determine the optimum entry
and exit points for the uncompred mode. high resolution, K a infinity and MSLT set to 0 ms, the aver-

*:" 'age transmission time is 6I.S s which is 44.7 percent lower
, , VI. ftavoaxAacu OF ml TWO-dIMsENSuONAL than the transmission time for one-dimensional coding.

CODING SCHME Table X lists the frequencies of the coding elements obtained
Table IX lists the number of coded bits for the 8 CCITT for 4 of the CCITT documents scanned at high resolution with

documents using the two-dimensional coding procedure. At -4.
normal (low) resolution with K = 2 at a transmission rate of Useful increases in the compression factors can be obtained
4800 bit/s, the average transmission times ane 47.3 and 54.1 a by coding each line by both one- and two-dimensional coding
with MSLT equal to 0 and 20 m$, respectively. At high resolu- and selecting the coded line with the fewest bits. This selec-
tion with K a 4, the corresponding aerage times are 74.0 and tion is carried out under the restriction that no more than
90.6 a, respectively. These 4 averme times ar, respectively. K - I successive lines are two dimensionally coded. For docu-
16.4, 10.6, 33.3 and 25.1 percent lower than the correspond- ments 1, 4, S, and 7 scanned at high resolution (MSLT - 0 ms,
ing a$Vae times achieved using one-dimensional coding At K -4), the number of coded bits obtained were 194622,
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611132, 333837, and 597175, tespectively. These values are 121 T. S. Husang. "Coding of two tone iags." IEEE T'esa Com-.
mYust.. vol. COle-25, pp. 1406-1424. Nov. 1977.on average I percent lower than those for the corresponding 1 31 U. Rothgordt. G. Aaon and G. Rasi. ' ae-dininsional coding

values obtained with a fixed value of K. of black and White facsimile pictulres." Aces ElectoOL. vol. 21.
Table XI lists the results obtained by subjecting the real error no. 1. pp. 21-37. 1978.

code daa obaind fr 4 f te doumets (41 C. E. Shannon and W. Weaver. 7Te Megdumsfal Th#eory of Com-,pattern to the coe aaotie o ftedcmns mntion. Urbanat. 1L; Univ of Minos Press. 1949.
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1972.
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[. INTRODUCTION . I
OST facsimile coding systems previously developed EMPTY
have been based on the concept of run4ength coding INE ISOLA
[ 11. Run-length coding methods provide a relatively INPUT KEY PIXEL. sysmoL YL_ sO am sym

hgh compression ratio for a graphics type of document or an SUPER LTUATIO,

alphanumeric document containing a small amount of text
(21. But, the achievable compreesion ratio drops appreciably PATTER

if a document is filled densely with alphanumeric characters I
because the black and white run-engths become quite short. 0 ft
Dense alphanumeric documents can be efficiently coded by [ 7 .0RY.OI
symbol recognition techniques in which individual symbols are UNKNOWN CANDIDATE

detected and coded by a prototype library code [31, 141. VECTOR VECTORS PATTERN TO

However, such a method cannot effectively handle documents SCREENING "ACING S"AOL SI OUT*PUT

containing a mixture of alphanumeics and graphics. One GEN ER OATION IO
UJNKNOWN

proposed approach to this problem has been to segment a I PATTERN

document into strips containing alphanumeric text or graphics Fig. 1. CSM fasmle code.
data, and then code the former by symbol matching and the
latter by run-lensth coding [5). The problems with this
approach are the difficulty of document segmentation and the (Is. is) L

drop in compression performance if the segmentation is not .T

accurate. This paper introduces a new concept of hybrid -- ,
symbol-matching/run-lngth coding in which a document is
dynamicallysegmentedintosymbolndgraphicsresons(61.

Conceptually, the symbol versus 8iaphics segmentation pro-
cass employed in the facsimile comprsao is quite simple. A
document is scanned line by line, and all isolated symbols that
are expected to recur in the document an extracted and coded Fla. 2. Bl sock dd .
by a symbol-matching proces. The remainder of the docu-
ment, called the residue, is coded by two-dimensional run-
length coding. This segnentation method permits document ng with the location coordinates of the symbol If the
symbols to be coded by symbol matching without interference comparison is unsuccessful, the new symbol is both tmans-

from the grphics porbons of a document, and eliminates mitted and placed in the library. Those areas of a document

symbols from that portion of the document which is run- in which the blocker cannot isolate a valid symbol are amigned

length coded. The result is an efficient match between the to a residue, and a two-dimensional run-length coding tech-

type of data and the chosen coding methods. nique is used to code the residue data. The following sections

The symbol-matching process previously described has been describe key elements of the coder in geater detail.

adapted to recognize alphanumeric characters in a document.
In this symbol recognition mode of operation, the document A. Symbol Blocking
i represented by conventional printer codes: character, space, The function of the symbol blocker is to examine the input
car g return, etc. buffer in a systematic fashion, and to locate the position and

The following sections describe the combined symbol match- size of any isolated characters. Fig. 2 illustrates the blocking
ing (CSM) algorithm for both the facsimile and symbol gee- procem. A black pixel in the buffer, denoted by the character
ognition modes of operation. "1" is considered to be a key pixel whenever the four neigh-

bors located above it end to its left are white, as shown belowil. FACEMU CODING MODE

The block diaram of Fig. I describes the basic elements of 000

the CSM coding system for facsimile coding. In operation, a 01.
* number of scan lines equal to about two to four times the

average character height are stored n a scrolled buffer. This Whenever a key pixel is encountered, the blocker is initiated.

data is then examined lne by line to determine if a black pixel The blocker extracts those pixels from the buffer that are

oe c If the entire line ontsns no black pixel, this infoum bon lskea with the key pixel or by a set of conti-
en is encoded by an end-ofteine code. If black pixel exists, untous black pixels For example, with the lower case letter

a blocking process is conducted to isolate the symboL For "e," all black pixels and the enclosed white "island" will be
those isolated symbols, further processing is required to extracted by the blocker.
determine if a replica of the symbol under examination al-
ready exists in the library. This process involves the extrac- B. Feature Extraction
ton of a set of features, a screening operation to reject un- The most straightforward method to determine whether a
promising candidates, and finally a series of template matches. match exists between an unknown symbol and one of the
The first blocked character and its feature vector are always symbols stored in the library is to perform a template match
put into the prototype library, and as each new blocked char- between the unknown and every library symboL However, a
acter is encountered, it is compared with each entry of the two-dimensional template match is costly in terms of process-
library that pses the screening test. If the comparison is ing time and equipment. A method of reducing the number of
successful, the library identification (ID) code is transmitted such matches is required. The approach that has been taken is
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ftr 3. Pemeer at~Urs, W Symbol Widt. M slymbolIwh.P a symbol outer Permer, black awrm Pus enclod white ane.

to extract a set of scalar "features" from the various symbols A major shortcoming of the conventional template matcher
in the library. These features are used to reduce or "screen" described above is that it treats all errons alike regardless of
the number of candidates for a template match to a tiny where they occur spatially. An improved matcher, to be
fraction of all the possibilities in the library. described, utilizes a "weighted EXCLUSIVE OR" error criterion

The features used in the screening process are the block that is based on the context in which the error occurs.
height, block width, symbol perimeter, and pixel area enclosed The motivation behind the weighted EXCLUSIVE OR count
by the outer boundary of the symboL Fig. 3 provides an error criterion may be appreciated by examining the zXCLU-
example of features derived from a character. IVE OR error (denoted A 0 B) in Figs. 4 and S. Compare the

EXCLUSVE OR pattern for the "c" and "o" in Fig. 4 with the
C. Candidate Screening pattern for the pair of "e's" in Fig. S. Note that the EXCLU.

The purpose of the screening process is to reduce the burden siVE OR error count for the pair "c" and "o" (count - 23) is
on the template matcher by paming only "good prospects" to actually less than that for the pair of "e's" (count - 29) im.
the matcher. This is accomplished by calculating the feature plying that, by this error metric, "c" and "o" are "closer"
space distance between the unknown and each library entry, than the pair of "e's" are to each other. However, the error
and selecting the library candidate with the smallest distance pattern for the pair of "e's," which should be declared a
as the beat prospect for a match. If this match is rejected, the match, is composed of spefely distributed pixels, while the
next best candidate is considered, and so forth. The distance error pattern for the "o" and "c" shows a dense node of
"metric" used to determine how "close" an unknown is to a error pixels corresponding to the missing right segment of the
particular candidate is the "city block" distance defined by "o." One way to quantity the density of such a "node" is

to form a summation in which the "local density" of every
N1 black pixel is merely the sum of all the pixels in its 3 X 3D(U,C) IFC()-FU(1)I (I) neighborhood if the pixel is 1, and 0 if the pixelis 0. The
1=1 patterns above labeled "weighted XOR error" have been

where FC(1) is the Ith feature of the candidate, FU(f) is the calculated in this manner. Note that by this criterion, the
Ith feature of the unknown, 1j denotes the absolute value, amociated counts indicate that the pair "c" and "o" are more
D(U, C) is the distance between the unknown and candidate, separated (count a 131) than are the pair of "e's" (count - 73).
and Np is the number of features. .In the template matcher, the weighted EXCLUSIVE OR error

is computed for nine translation shifts of a pair of patterns
D. Template Matcher corresponding to horizontal and vertical single pixel shifts of

The template matcher forms a comparison between the binary the patterns. The minimum error is then compared to a
patterns of a detected symbol and a library prototype symboL threshold in order to determine whether or not a match
Consider a two-dimensional binary pattern represented by should be declared. The value of the threshold is a non-
A(C,R) where C- 2,-" NC and R=l,2, ,NR. A linear function of the symbol's black count, and is obtained
conventional template matcher calculates the similarity be- by an empirically determined look-up table.
tween a pair of vector patterns A(C,R) and B(C,R) by sum-
ming the number of picture elements (pixels) for which E. rery Maintenance
A(C, R) and B(C, R) differ. This EXCLUSIVE OR error is de- A fixed size library is used in the CSM system. The frst
fmed a blocked character and its feature vector occupy the first

library slot. The subsequent library slots are occupied by
E - - those blocked characters for which no match is found. In

A(C,R)0B(C,R) (2) order to prevent the library from overflowing, a scoring
system is employed to track the usfuless of the library

where 0 denotes the Boolean EXCLUSIVE OR operation. elements. When the libra is fined, the least used prototype
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ft 7i. Fw UbM 0 of CCITT no. 7. (Syaml Wodk* pwfar.
wae Was aerifte ein. ,I, (6 1.)

is bumped out of the library 8rd replaced by the now proto- Figs. 6 anid 7 contain partial library 1Ots of isolated symbols
type. At the recam, the suns sin library and the same from two fasimile documents, one a French Journal article
sworkas system ar utilzed to maintain snchronizatn with (CCrrT #4), and the other a Japanes lagug document
the ... With alarysinof Nelements. the seatng (CCrTT#'/). The Bmz item on the list is the first isoated pro-
systm #a every "a prototype" or "matched symbol" totyPS symbl. and all following $Mbok FOR41t tmache
at least N chance for a match. to tin prototype.

IIB-4



790 PROCEEDINS OF THE EE,. VOL 6a. NO. 7. JULY 190

£~ ~ am iam= M bif 1,61 -
*~ M mipou ZiWp w;n

-am - r- (10a
& - .800.4. -

U.is pmno n Wed
a Raf do 0M a OM4
b*b go a 4@h~o.

a~~~ ~ ~ 49 MLbsnsw RMder iea is(m p

Ca ~ ~ ~ ~ ~ o Odom bmi uip .b. . 0.9inS

s*eo do".& debm amm~beSm 11m is ai.
mpmm ~ ~ ~ M do- -L .m W /t.I

(a) ORIGINAL

[r 7

rr

(b) RESIDUE hJ

ft L Mopigbd secdon of CCTff so. 4 ad ift radum.

F. Protorypp Coding etude exceptionally large or exceptionally small Alphanumeric
After a symbol has been blocked, a decision threshold is characters segments of company logos, and segments of

applied to each prototype element of the library that ha handwritten script In the CSM system, these patterns are
passed the screening test If a match is iniaeol h rejected by the symbol blocker, and then left behind as a
matching library MD and horizontal location with ime to residue to be coded by two-dimensional run4ength coding.
the previous symbol are coded. Otherwise, the binary pattern Fig. 8 PIesets a blow up of a section of a faceimile docu-
of the blocked symbol is transmitted along with the Symbol meat (CCITT #4) end its corresponding residue.
width, symbol height, and horizontal location, in addition to Conceptually, the CSM system could employ any type Of
being placed in the Hbrary a a now prototype elmet run4enszh coding method for residue coding. The selection

The aimplest method of prototype coding as to binary code Should be made on the basis of coding performance, tolerance
the Pixels within a block in a rastr scan fashion. on the to channel errors, implementation complexity, and com-
average, about 30 Percent of th Prttpecd bits ca be Patiblity with facsimile standards. Considering them factors,
eliminated by scanning the prototype piel in & folde a modified veson of the CCITT two-dlmensoal run4ent
"Ibasket weave" sequence and applying one-iinesonal coding algorithm has been selected for the residue coder. By
Huffman coding of the run lengths. The disadvantages of this inhibiting the symbol matching process, the CSMd coder will
approach ae additional implementation comnplexiy and Pos automatically rever to a pure residue coder, which can be
able loss of bitstream synchronizstion when a channel error made exactly compatible with the CCITT standard.
occurs. The binary coding approach ha been adopted for a
high-performance version of the CSM facsimile coder, and the H. TuAImfi5sion Code
folded run4enith coding method is ued for a veryhigh- The CSM facaumile coding system produces an asynchronou
pegrformance vesaion. code that is dependent upon the cosatents of the document to

be coded. Table I contains a detailed specification of the code
G. Residue Coding elements and Fig. 9 contains a state diapa defining the code.

In many docu0Rnens1. there ar eeak Pixel patterne that do The code word soenth in this Specification have besn opti-
* not m Mtte duels Of prototype characters. Extamples in- uszed for a scan resolution of 8 X 8 pixelsmm
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CLI CoNIaNRso SYMBOL. MATCHImO FAcsiNiLs CoDs

am em WOOD SUB

SUm" S= sw 9 01CM Or WOZICU a=m LENZ,

I - AT SAWE ONs sVNM ONsn

=A =LMU AWN U 301111N"L4 ZQN~ orrX
PEEL ON LIM

z~aW Pp= FTm 1 0 NoI
If=

LMW5 WINW INDO 7 s53Wee o Omm mm

nM WX POW= 2 VaX~m ISMID UFT
01 - ID SKir?

10 *WNW six?

mISU am sXZ W BE= SZZZ (4CM.

vim BKCI Q vai. BM W C OIC or Wifu

DM= ORIIX CMIN.17 iNORZWWM DINISWC MUN 03tW

LIM? SVum. ON Lus)

WN inma K75 V amn E D NWNKIam O0

ASIU WUZ Or~w I= OO C

STRAensu LIN OF LD 5UNEW

LISAT LNAISHS0.
-. IFlu 9. ~amc cds sats~swMEN

I.~RCO Exeaouo SMCnetsols.IoaeAnnonsmodtetdi h e
Ina ypca bd.. lttr mue a 8X pxeamm pxe sanig roes ta d nt ath brlyeny a

abot 0 prcnt f he omeme cde ibme etedt epae nteredsfrsbeun unt oig
the tranmedom o prototye symbo. Almo O al fti Tsmo atchngpoesithCSsyemsnt

Poeicsof he ausisos odean e e~m~atd I th exct;a mtc ~oersce a prmite bewee sybol t
docssamtobetrnsmttd reretrcte t afiedse ofacomdae erurbtinsinsybo shpemuedbyth

symblsforezampis Conie typweter oot.In hiscue Smuingproess.As coseqence anthebasi CS sytem
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of the original document. Although symbol substitution 1R2.Cj

errors me extremely rare, there may be applications in which \,
exact coding is demanded. This mode of operation can be _ _ _ _ _"__'_ _ _

accomodated in the CSU system by a simple modification of c
the coder and decoder. At the coder, after a successful match,
the EXCLUSIVE OR between the pair of matched symbols is k
formed and placed in the residue for subsequent run-length
coding. At the decoder, the pixel arrays generated from re-
constructed symbols and reconstructed residue are combined
M an EXCLUSIVE OR fashion to correct for differences in the
pair of matched symbols. In this manner, exact reproduction
is achieved. However, the "overhead" associated with the Fig. io. Line usaicis.
exact reproduction mode of operation can reduce the achiev-
able compression ratio by as much as S0 percent at 8 X 8
pixel/mm resolution, where R represents the row index, C is the column index, S

denotes the text line slope, and 0 is its offset. As characters
UL SYMBOL RECOoNITION MODE are encountered, they are assigned to the nearest straight line

The CSM algorithm achieves facsimile data compression bY representing a text line. The algorithm is as follows:the matching of document symbols aansta libraryofsym- I) The coordinates (C, R) of the first encountered characterbths acum ulat ed durif document s an. a are used u a "seed" to start a cluster at S - 0, 0 - R.bo accumulated duxis the document scan. th ol 2) The (C, R) coordinates of the next chaacter encounteredcur, the library index is tsmitted rather than the symbol are used to compute E - [R - S- C12 for the slope and offsetbinary pattern. This basic concept can be extended to per- of each cluster.
form symbol recognition by preloading the library with the 3) If the error is less than a threshold for a iven cluster,
binary symbol patterns of a predetermined set of symbol 3) the rrcer is assgned to that uster (next ana). If it is
fonts. The coder can then operate in a symbol recognition greater than the threshold for all clusters, the oldest cluster
mode in which only the ASCII codes ar transmitted and all is dumped, and a new cluster is started.
other document data such as a signature or logo are ignored. 4) If the character was added to an existing cluster, the

A. Line Trecking values of slope and offset are updated by use of minimum-
mean-square error techniques.

In the western world, printed matter is "read" from left to I
right and from top to bottom. Therefore, a symbol blocking B. Handling of Specdal Characters
system that transmits its output to a serial ASCII terminal umber of characters which consist of two "subcharacters"
must do the sme. However, the CSM algorithm extracts must be treated as special cases in the symbol-recognition
characters from the document being scanned in a totally - mode. This is because the blocker/matcher would otherwise
ferent fashion. As the line buffer scrolls through the pa fragment them into their constuent parts and give misleading

from top to bottom, the talest of rst encountered charac- resuts. These chartes are: (i), (), (!), (?), (:), (s), (), and
ters are removed from the document and processed through (N) After recogniti of the two parts of the character, the
the recognition algorithm. Thus characters emerge from the syol arer too

CSM process in a sequence which would be totally incom- system wil check f two compatible symbols are on top or

prehensible if viewed in chronologlical sequence. In the con- almost on top of each other. If so, the two symbols are

ventional CSM facsimile transmission mode, this is of no con- merged into one. For example two (-)'s on top of each other

sequence, since cAaacters are placed in their appropriate will be merged intoa

address locations regardless of their order of occurrence. in IV. COMPRESSoN RATIO EVALUATION
the serial symbol recognition mode, the transmitter will p Te CSM system has been extensively evaluated by cm-
ig each character an ASCU code, assemble the codes into puter simulation to optimize its performance and to determine

lines, inserting blanks, line feeds, carrage returns, etc., and its compression ratio with respect to other coding methods.
transmit the lines serially to the receiver. For single spaced or
rotated documents, this -line tracking" is more difficult th A. Facmile Mode Eanlaton
one would imagine. The problem i basically that of roUpingT
the chaactes into lines. Determining the sequence in which The CCITT document set of eight diitized documents of

they should be transmitted is relatively easy since the chw- 200 X 200 line/in (8 X 8 pixels/mm) reolution, shown in
tes may bsorted by ther coiumn addreses. A m nt Fig. 1 I, has been used for evaluation of the CSM system in its
benefit of this erial ASC mode is that no infomation facime mode of operation. Tables I and III contain listings

of the compression ratios for each of the documents for the
character location need be transmitted, since the correct se- and very-high-performance versions of the
quence is all that is required in order to properly reconstruct
the received document. CSM algorithm, respectively. Then tables also contain the bit

The Hn-tcking algorithm i based on a straight i ne fit of allocations for each of the code elements defined in Table 1.
the key pixel coordinates of characters on a text line, a il- Table IV presents a summary comparison of the compression
lustrated in Fig. 10. The straight line is defined parametrically ratios of the high-performance and very-high-performance
as CSM systems with several other facsimile coding methods.

The modified Huffman code is the CCITT adopted standard
R - .C+O (3) for one-dimendonal run4ength coding [2). The IBM code
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[7)], READ code [8], and BPO code (9] are proposals for a The compression factor obtained for this document for opera-
CCITT standard employing two-dmenazona n-length cod- tion of the CSM system in the symbol matchi mode is about
ing. These algorithms all provide for an end-of~ine code. All 257: 1 and for opertion in the facsimile mode is about 49 :1.
of the algothms in Table IV have been simulted and evau-
ated on the same set of digitized documents scanned at the V. SYSTEM4 IMPLEMENTATION
Univernit of Hannover, Germany. The K factor indictes then Although the CSM system is more complex to implement
number of lines in which the coder is operated in its two- that/ a conventional two-dimensional run-length coin sys-
dimnsidonal mode before it reverts to a one-dimenional mode tern, with the advent of high-seed and relatively inexpensive
to limit the propqation of errors. -* memory, discrete logic circuits, and microprocessoz, imple-

Comparion of the compression performance of these algo- mentation complexity has ceased to be a deterrent to the
rithms indicates that the CSM methods outperform the run. development o' high-performance systems. A 100 X 100
length coding techniques substantially for text-predominate lines/In (4 X 4 pixel/mm) facsimile coder using the CSM
documents, and perform at about the same level as the best lgithm was introduced by Compression Labs, Inc. of
of the two-dimensionalnrun-length codingsmethods for graphzics- Cupertino, CA, in Fall 1978. This unit utilizes a microproces-
predominate documents. sor to implement the algorithm for trnmsmission at sub-

minute page rates. A discrete logic implementation of the
5. Symbol Recoap iobn Mode Evalton CSM alortia ben deelpe by compr.~n Lb for

The symbol recogaton mode system has been tested wdth trasmisson rats of less tan S a for a 200 X 200 lines/in, page.

86 sets of dart, eah containing 1000 samples of one of the
86 symbols of the COure 10 font. in these tests, no mis V. SUMMARY
matches occurred, and only very batdly dmaged charters A new igh-performance method of facsmile data compres-
were jcted. slon, called CSM, has been introduced. The coding system

Fig 12 contain an example of a btuines letter and its me- involves segmentation of a document into symbois. that are
consrcin with the symbol matchin coding mode of opera- coded by tempte matching and into a residue of the re-

tion. It should be noted that the regonetruted letter ha been mainder of the document, that is coded by two-dimensonal
printd with a dIfferent foot than the or~gnal howeve, the ru-et coding Computer evaluation indicates that the
format and spacing of the two letter are in i~ areement. comprendon factor for text-predominate documents as about

mB-8
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TABLE Ii
Hiro-PrP0oMANCt Coon SUMMAiY

oocmmn

1 2 3 4 s 4 7 8

SYni?? 699 337 2557 1613 1700 2299 6336 1792

LINSI 603 403 603 603 603 603 603 603

2125 2128 2128 2126 2128 2128 2128 2123

OLA3j 2497 335 4169 3767 4695 1930 11176 1584

NATtLO 950 37 1291 4015 1754 330 2522 156

LIIZZD 595 166 7S74 26292 10773 1253 9370 434

nI908 1710 48 2164 7512 3075 353 2320 124

313, Z 1330 130 2090 2590 2150 1510 11120 940

3LIJOD 24691 3404 47036 55360 44739 30534 406471 25115

8LCO. 5227 233 9341 34177 14055 2431 25692 1024

R95= 18594 91323 53880 20752 42014 93347 19845 161353

7MM. $7452 93846 132833 153309 127939 137273 499053 218253

A'OM 54. 3 .2 27. 7 22.4 28.7 2 .8 7.4 1 .8

TABLE III

VnY-HIon-PnPORMANCE CODER SUMMARY

1 2 3 4 S 6 7 a

STfSIT 439 266 1431 1132 1152 1560 3979 936

LZIlST' 603 603 603 403 (03 603 603 603

sm 2128 2125 2128 2123 2123 2123 2128 2128

COLADD 2497 15 4169 8767 4895 1950 11176 1584

955 37 1291 4015 17S4 330 2522 156

12._. 5935 163 7574 26292 10773 1253 9570 434

lOum 1710 43 2164 7512 3078 353 2820 124

3 W,1Z2 1330 130 2090 2590 2150 1510 11120 940

9w 16341 2058 30929 37399 2513 20937 322710 13239

8227 233 9341 34177 14055 2431 25692 1024

rag= 13594 91323 53580 20752 42014 93347 19345 131353

59342 93346 115400 145417 111115 126937 412535 207521

jUn 6.0 37.5 31.5 25.3 33.1 29.0 3.9 17.7
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TABLE IV
CoupuassoN RAnios rom CooI or CCLTT Docu&.p Sir wmiH V~aious CODiNG Awomeaa

CCmT cc=T REA READ IN 131 PIP 330 CSII CII

000001OT 1-0 1.4 1.32 X-4 X-32 1.4 K-32 1.1. V.U.P.
9-32 R12

3 15.2 21.1 24.1 20.4 23.2 20.6 23.2 54.5 62.0

2 I5. 1 28.7 33.0 24.1 29.1 25.7 32.6 37.2 37.8

3 8.7 13.6 16.3 13.2 15.6 13.3 15.3 27.7 31.8

4 5.3 6.6 7.1. 6.4 7.2 6.5 7.0 22.4 25.3

5 6.5 12.7 14.7 12.3 L4.1 12.4 14.3 23.7 33.1

6 10.2 19.0 25.1 17.6 22.5 18.1 23.S 26.8 29.0

7 4.8 6.1 6.7 4.1 6.6 6.1 6.6 7.4 8.9

1 7.9 3 5.1 20.2 22.9 15.8 14.0 18.2 16.6 17.7__

COMPRESSIOI AnS mmC

Agst IS. LOTS Augusgt 1S. 1978

1 tomssea compng Inerntational Company
LILL Broadway 1111 Bradway
NOW York. 0.1. 10423 New lose. 8.Y. 10822
See9 Mr. Doorqag mrt n. II5ma

71i1.1tte will Act NO the standard for doeemabm VKI@ @lete Will eet am the Assessed 9., 40VOCEIRS9104

of the mini m peea'n "ties oaebadtb Amgs tm-l.o th .jsimum compression reuise acceptable ter tbs TAX-

COW- IrniniLe deess emaeg. Tham fgm disk ad Uma cow. goossalle "nt Compressr. be6 flace disk of Lbe

YAN-om Will be able to wee ast m n. Swiss @ ths tAR-COW Will be able to store at least Rise "vpisa of this

#es priaefft wesm law"Ia whim vIi garantee a uuamseas Paeles whto3.evecteving which wOill Successes a trommoasa

ties ad lose tam IS seeaia fte bbs peg. bn trawnasha tis *1 0" eee ase 25 0" toa e tee Palo. ibis trafteemisa

CUMe Will be 44daewebiaL mWInS A 2405 bMS d4gAal code Se ties will be achievable going a 2466 beef digital emam for

lie. ~etiamIlse soemeetie.

coeUome5i CSIS aain els. Sal up to as$& m be Compression Cetise 09 irma Sal up to MI als be
Onpeeun 9-s -im MISSa Of iWlenioM. dapeeiM wasim eexsth Stan ethor Pages eglfts*.mtiQS. doesadlo PWg .. s *l

Suimi aams 0ego 555- lb-. OWCSma veeilarsie am5 *etnl esetet of too pagso. besse aeoprssls fatise 015A 6*6154 whbma uim the 96 linePO Lo soeb eay gmaeu defined Web m ueDo the 96 lis" perincha Seing resolution
malt. ea1y.

AVery rarely rom.Vry truly yours.

CLOWm2. -~w C1019 a. MARVIN

Vice pifeideft vie Pissideas

Maubfti" marketing

Mp(4) ORI GINMAL msIvI (bREPRODUCTION

ft6 12. Immagb at desmem inw~s mCSM mode.

........ 0



796 PROCEEDINGS OF THE LEEE. VOL. 65. NO. 7, JULY 1980

twice that obtained with two..dimenaaonal run4ength coding8 141 W. YL Pratt W. Chain. and C. Rader. fBockt charcter codM&g.
and about the same for praphics-predominate documenta. in 22222 Soc 1974.to nwuaasinE~war O

The CSM System can be operated in a pue symbol recopt- IS I W. ChMin .. L Douls. sand R. D. Widergres. "Combined symbol
tion mode in which a document is coded by recognition of its matchins-A mew approach to faceAndle data compnesio," in
alphanumeric symbols. Compression ratios greater than 250:-1 hoc. Soc. Plaos-Opalml Iwznsgumnmuln finem. VOL 199.

PP. 2-9. AU&g 1978.can be achieved on business letters in this mode of operation. 161 W. Chaen, J. L. Douglas. W. Y. Pratt. and Rt. H. Wallis. "A dua1
mnode hbriwd compressor for faaankfie umsu," an hrc St

Rznwimczs PhftD-oOPUDWeL huuNeumlll EMW61MMiAug.1979.
171 J. L. Mitchell and G. Goartzul, 'Twvo-dissensional famlinie coding

III R. B, ArmS 'Bnary iage compresion,- In Inugg 7%omiU@ schema." in hPc. JetL Con"Mnictim Coul'.. Pp. .. 4.,
TeCAMM9011011. W. K. Pratt, Ed. NeW York: Acedemic hoecs 1979. 1979.

121 H. G. blussm and D. reum "Comparion of redundancy reduc. 13J "Poposal for daft recommendation of two-dismamioaal coding
ag codas for ftaiide tru sm~on of documsem" nEE flwu scheme." Rap. CCrITT Study Group XXV. contribution no. 42,
Coum.. vol. COM-25, n. 11, pp. 1425-1433, Nov. 1977. prepared by Jap...

(31 Rt. N. Achand G. NWy -A smass for achieving a high, doem 191 'Propasal for optional two-dlusodOWal coding scheme for group 3
of compation on sa-digitinsd 193M.' ZWE r#ess COMPan, facd-DiB appartus," Rep. CCITT Study Group XIV, contribuio
VOL C-23. PP. 1174-1179, Ntov. 1974. no. 77, Prepared by Brtish Poet Office. Ma. 1979.
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Appendix C

Proposal for Mixed Character Coded Text and Facsimile

Areas on the Same Page

L I



Questions : 16/VUII
10,1 i/XXV

TIT!. : POPOSAL FOR K CEARACTER CODED TEXT AND FACSIMILE AREAS 00 TKE

SAW PAGE.

SOORC : MLE S.A.

1. Summary

The aim of this contribution is to propose a method for

a) the insertion of any number of rectanjular facsimile areas, positioned

anywhere throughout the page, within Teletex coded text;

b) the transmission of such mixed-mode pages in a manner that allows printing

by relatively simple receivers.

2. General

There is an increasing desire for the transmission of pages presenti.ng

mixed text and images, on one hand. On the other hand, work has been undertaken

to standardize Group 4 facsimile apparatus for transmissions over the public

data networks. In this field these is a growing tendency towards the use of a

coson control procedure for Teletex and Facsimile communications.

In view of these considerations, the transport service and the end-to-end

control procedures, already defined for Teletex in Recomendations S.70 and S.62

respectively, seem to offer valuable and flexible tools comon to the three

services (Teletex, Group 4 Facsimile, and Mixed test i image), owing to the

offered advantages universality and error recovery, a.o.

C-1



From this commnity of transport service and control procedures. two

coaequences arise

- The existing family of facsimile equipments (including Group 3) make use of

quite different procedures. To avoid sking the new Group 4 equipments unduly

costly, their direct commnication possibilities with the existing range of

facsimile equipments become highly questionable.

- Pure Teletex and pure Group 4 Facsimile services could perhaps be considered as

simplified limit cases, derived from the more universal "Mixed mode" service.

Starting from this philosophy, the following family of terminals could

then appear :

(1) Mixed ode terminal (includes Mixed text + image facility
Teletex

Group 4 Facsimile

... other services ... ).

(2) Teletax terminal.

(3)'Group 4 Facsimile terminal.

It is obvious that the simple machines (2) and (3) might be equipped

with additional options, to obtain intermediate equipments with groving capabilities.

As an example, by adding to the terminal (3) a character generator and some extra

processing power, one could build a Group 4 terminal (3') having also the capability

to receive and print character coded text.

The folloving communications over the public networks are then possible

[-----1
J
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3. lasic ASumptions

In order to keep the benefit of previous standardization efforts in the

Teletex and Facsimile fieldsi it sems reasonable to adopt following assumptions.

3.. Coding

The encoding of the text characters,, for transmission, shall be in

accordance with the Teletex repertoire (Rec. S.61). The encoding of the facsimile

information shall be in accordance with the iuidimensional or bidimensional encoding

schees (lec. T.4).

The encoding of some new comands needed by the mixed service shall also

remain compatible with the mentioned encoding schemes.

3.2. Resolutions for facsimile and for text

Normally, terminals such as (1) and (3) (or 3'), capable of receiving eI

images andwoeme, will be equipped with printing mechanisms operating in accordance

with the facsimile resolutions. Previous wort done by others (see CON XIV-No99)

and by ourselves has shown that Teletex messages printed with T.A facsimile resolu-

tions are of good quality. Consequently

- The horizontal and vertical resolutions for the facsimile parts of a page shall

conform to Eec. T.4.

- The character piich and the line spacings in the text parts shall conform to the

basic Teletex standards given in Rec. S.61.

3.3. Shape of the imate areas

For management simplicity, it is assumed that the image areas are

rectangular-shaped, with edges parallel to the paper edges.

* C- 3
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- 4. The structure of a Pte containint mixed information

The composition and the transmission of a composite page needs a

quantitative structuring of its area, compatible with both Teletaz standards

(character pitch and line spacing) and Facsimile resolutions. This can be

obtained as follows.

4.1. Pate partitioning

It is .proposed to cover the page with a virtual grid of equally spaced
vertical lines and equally spaced horizontal lines, thu defining horisontal (a)

and vertical CV) coordinates.

The origin (0,0) should be ideally situated at the top left corner of the paper

sheet.

The values of the I and V units will be determined in section 4.3.

4.2. 1mate positioning

Any image area shaLl be delimited by lines of the grid. This positioning

method allows for the insertion of several images on a page, and does include the

Limit cas s of

- a slice of facsimile covering the total width of the page.

- a full facsimile page.

4.3. Character positioning

It is known (see also CU XZIV-N*99) that the basic character pitch and

lines spacings of Teletex do not correspond to an integer number of picture

elemnts (horizontally) and scan lines (vertically) as defined in Rec. T.4 for

facsimile.

When accepting a 8mall approxiation (less than 2 Z) for the Teletex

parameters, it is however possible to define a como grid as shown in fig. 1,
where the horizontal and vertical units are given by

H unit - 20 pels - 20 z I 2.49rn 1- 1.972 2v.r. to 2.54 n)

-16 sca lines - I6.T7!b2?0 s- (-1.83 Z w.r. to ih
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it is to be noted that the negative approximations are in favour of
the.Integity of the reproduced pages.

With such a grid, any intersection (U,V) represents the virtual position

of a Sea character, taking into account all basic line spacings defined in S.61.

5. Transmission of the nixed informatiot

Depending on the objectives in view, the contents of a composite page may

be segmented in various ways for transmission.

The "baseline by baseline" method proposed hereunder allows reception

and printing of the ixed text and image information without the need of a full Peg

storage. This is important when considering that the storage of a facsimile part

needs about 0 times more memory capacity than the storage of a same area of

Teletex. (One A Teletex pag : 1.5...3 koca.trs, one A4 Facsimile : 30...60

koctets).

5.1. The "baseline by baseline" method

For better understanding, the method vill be explained on basis of Fig. 2,

which represents an example of an image associated with text in the same horizontal

slice of the page.

Along each baseline of text, the first transmitted string contains in this

case the Teletex coded characters of the left part; the next string contains the

facsimile coded information corresponding to all the succesive facsimile lines

(scanned from top to bottom) of the subimage slice comprised between the current

base line and the previous one; the last string contains the Teletex coded

characters of the right part.

SBetween strings of different nature, adequate delimiting commands must be inserted.

In the case of Fig. 2 the strings are as follows
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Line I : <Text a:P D1 dOL/Subimage a ... /SOL3,2 cText sa/SVS/CRt/LI2

* (Telecom) (32 facsimile lin"s) (Teletem)

Line 2 : 'Textk>~D, cKOLftblmsge b.,/'-D Text bI/SVS/C/LF2

Line 5: 'Text *I D 40L/ubifagsm ie:a./O) 92Text e'/CX/L7>

SVS sad ybkcl for the Taletex parametric control function 'Select

vertical spaci.ng'

Dis & delimiting comad from Teletex to Facsimile fields.

0 2 is a delimiting comeand from Facsimile co T*letex fields.

It is seen that an image is split into several subimages which are

transmitted with character strings inbettieen.

It is the responsibility of the source system management to inject

the delimiting commands and to possibly insert dummy characters (spaces e.g.)

to maintain the correct alignement of the subimages.

5.2. Definition of the "delimiting commend"

Two methods for indicating the delimiting points between facsimile and

text coded information ay be considered.

5.2.1. Delimitinit within the user data field of a CDIJI command,

In this case the delimiting commands must be compatible with the

repertoire of the current context.

-D :"Text to image" command.
It must be chosen in accordance vith the rules applicable to Teletex: control

characters. It my be

SC X (X to be defined in a nev stabrepertoire)

or CSI parameters.
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The CSa command is preferred, since its parameter field my indicate,

apart of the "delimiting" point, some extra characteristics of the next

facsimile string, such as vertical resolution and number of pals per

scan line in the subimage. The use of such possibilities is however

mentioned as "for further study" in lec. S.61, para. 3. 4

2 m ge to text command.

It mst be a string which is never encountered in the facsimile encoded

data field. E.g. for unidimensional coding :

-001 H-OE where 001 H meoms EOL in hexadecimal

or K. 'EOL-

The single SOL is maintained as normally to indicate the end of each

scan line.

5.2.2. Delimiting at document procedure level

Another method consists in introducing a CDUI command at each delimiting

point.

In S.62, the possibility is left open for adding parameters in the CDU1

header. These parameters could define the delimiting command, along with addi-

tional parametric characteristics for the next user data field. In this case

the need for defining specific "in text", DI and D2 comands disappears.

This method however entails more overhead and thus less efficient

communications.

5.3. Flow control

In basic Teletex, the error recovery mechanism is based on a RU (recovery

unit) of one pase; in facsimile and mixed mode, this implies a large memory

capacity for storing at least one full page in the receiver.

C-7



in Rec.62 Annex Go an optional error recovery mechanim is offered,

allowing for U of smaller size by introducing several recovery points within the
page.

This last procedure could be a basis to implement also flow control

in order to match the rate of information transfer to the capability of the

receiver, without the need for inserting fill bits at the end of facsimile scan

Lines (method of loc. T.).

6. Conclusions

The proposed method for transmission of a page composed of mixed

character coded areas and facsimile coded areas presents the following advantages:

- no need for a large storage capacity in the receiver

- high flexibility in the number and dimensions of images

- printing possible in terminals equipped with standard facsimile printing

heads (T.4 resolutions)

- no need for the transmission of coordinates for images and text

- full compatibility with basic Teletex terminals

- possibility of changing the vertical facsimile resolutions for each image

(and even for each subinage).

A-
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